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ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta, Georgia 30332 
September 1, 1982 
Mr. 3. Wayne Simpson 
President 
Gemco Construction Co. 
P. 0. Box 187 
Trilby, Florida 	33593 
Subject: Asbestos Sampling, University of Georgia, Athens, Georgia 
Dear Wayne: 
Enclosed are two copies of the report concerning the air monitoring 
conducted at Creswell and Bolton Halls, University of Georgia, Athens, Georgia. 
We have not forwarded a copy of this report to the University. If you need 
additional copies, please let me know. 
It was a pleasure to work with you again. If you have any questions 
concerning the report, please contact our office. 
Sincerely, 
Kenneth E. Johns 
Safety & Health Consultant 
KEJ:rm 
Enclosures 
AN EQUAL EMPLOYMENT/EDUC_ATION OPPORTUNITY INS1TTUTION 
AIR SAMPLING SURVEY 
BOLTON AND CRESWELL HALLS 
UNIVERSITY OF GEORGIA 
ATHENS, GEORGIA 
PROJECT NO. A-3323-001 
GEORGIA INSTITUTE OF TECHNOLOGY 
Engineering Experiment Station 
Occupational Safety and Health Branch 
Atlanta, Georgia 
August 31, 1982 
AIR SAMPLING SURVEY 
BOLTON AND CRESWELL HALLS 
UNIVERSITY OF GEORGIA 
ATHENS, GEORGIA 
GTRI PROJECT NO. A-3323-001 
INTRODUCTION  
The Georgia Tech Research Institute performed industrial hygiene air 
sampling during the removal of existing acoustical ceiling material in Bolton Hall 
and floors 2, 3, and 4 of Creswell Hall for Gemco Construction Company. In 
addition, samples were taken on the ninth floor after removal and cleaning and 
samples were taken during the removal of acoustical material from an apartment 
on the first floor of Creswell Hall. Air sampling was performed by Mr. Kenneth 
E. Johnson, Ms. Nancy Zakraysek, and Mr. William M. Ewing of Georgia Tech, 
on July 21 - August 6, 1982, at the request of Mr. J. Wayne Simpson of Gemco 
Construction Company on July 20, 1982. All analyses were performed by Mr. 
Johnson, Ms. Zakraysek, or Mr. Ewing within 12 hours of sampling and the results 
reported daily to Mr. Bill Willis of Gemco Construction Company. The following 
report summarizes the results of sampling and analyses including conclusions and 
discussion of findings. The results of air sampling are included in Appendix A 
(Tables A-1 through A-10). A copy of the analytical method employed is 
attached as Appendix B. Appendix C contains copies of the Occupational Safety 
and Health Administration (OSHA) asbestos standard and the Environmental Pro-
tection Agency (EPA) asbestos standard. 
CONCLUSIONS AND RECOMMENDATIONS 
1. Work area samples taken during the removal of asbestos containing 
acoustical ceiling material indicated fiber concentrations that were not in 
excess of the OSHA asbestos standard of 2 fibers*/cc but did exceed the 
NIOSH recommended standard of 0.1 fibers* per cc. Eleven work area 
samples were taken with an average fiber* count of 0.38 fibers*/cc. This 
average is not a time-weighted average but is a result of adding all fiber* 
counts and dividing by the total number of samples. 
2. The results of the area samples taken outside the work area but inside the 
building ranged from less than 0.01 to 0.03 fibers* per cc. The results of 
the area sample taken outside the building were 0.01 fibers* per cc and 
under. 
3. Air sampling conducted, after all removal and clean-up activities were 
completed in each work area, indicated fiber concentrations below the 
OSHA asbestos standard and the NIOSH recommended standard. 
4. The OSHA asbestos standard contains a requirement for full-shift personal 
monitoring to determine the 8-hour, time-weighted average airborne 
concentrations and ceiling concentrations of asbestos fibers*. On future 
asbestos abatement projects, it is recommended that full-shift personal 
monitoring be conducted. 
*Fibers greater than 5 micrometers in length. 
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5. 	The NIOSH method PS:CAM No. 239 was used to analyze the fiber* 
concentrations listed in this report. This method does not determine a 
fiber concentration for fibers shorter than 5 micrometers in length or 
thinner than 0.3 micrometers. Strong evidence exists that these short or 
thin fibers present the greatest threat to those people exposed. To 
determine the concentration of fibers such as these, analysis must be 
conducted using an electron microscope. While the cost of this analysis 
($300 - $400 per sample) is prohibitive for analyzing all samples, it is 
suggested that, on future asbestos abatement projects, the University have 
samples taken before and after removal and analyzed by electron 
microscopy, to determine the fiber count of fibers less than 5 micrometers 
in length or thinner than 0.3 micrometers in addition to those fibers 
greater than 5 micrometers. 
DESCRIPTION OF FACILITY 
Creswell and Bolton Halls are located on the campus of the University of 
Georgia in Athens, Georgia. Creswell Hall is a dormitory with approximately 64 
bedrooms on each floor. Bolton Hall is a cafeteria located adjacent to Creswell 
Hall. Figure 1 is a sketch of Bolton Hall and typical plans of floors 2, 3, 4, and 
9 of Creswell Hall. 
Acoustical ceiling material was to be removed from floors 2, 3, 4, and 9 
of Creswell Hall. The work area was located on these floors with waste 
material and personnel transport provided by an elevator with access to the 
ground floor and an exit on the east side of the building. All these areas were 
considered "contaminated" areas. 
DISCUSSION OF FINDINGS 
A survey protocol was designed to meet the requirements of the asbestos 
removal contract between Gemco Construction Company and the University of 
Georgia. Air sampling was conducted during and after removal activities to 
determine airborne fiber concentrations. All air samples were collected and 
analyzed as described in the National Institute for Occupational Safety and 
Health (NIOSH) Method Pd:CAM No. 239. To provide prompt results, samples 
were analyzed within 12 hours at Georgia Tech's Engineering Experiment Station 
in Atlanta, Georgia. 
During removal activities, 21 work area samples were taken, generally two 
per floor on each day of sampling. Six (6) samples were taken outside the 
building while removal was in progress. Nine (9) samples were taken inside the 
building but outside the work area to determine if a significant number of fibers 
were being emitted from the work area. 
*Fibers greater than 5 micrometers in length. 
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After removal and clean-up, 17 samples were taken to determine the post-
work fiber* count. The level of less than 0.05 fibers*/cc had been established 
by the University as acceptable for re-entry and occupancy. Three (3) of the 
17 sample results exceeded this count and the areas were cleaned a second time. 
Repeat samples, afterwards, indicated fiber* counts had been reduced below 0.05 
fibers*/cc. 
This report prepared by: 
[(cif-meth E. Johns( 
Safety & Health onsultant 
 
 
This report approved by: 
faf
mes L. Burson, Program Manager 
ety & Health Services Branch 
.., 	 • 
*Fibers greater than 5 micrometers in length. 
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APPENDIX A 
RESULTS OF AIR SAMPLING 
GEORGIA INSTITUTE OF TECHNOLOGY 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Gemco Construction Company Materials Fibers greater than 5 micrometers in length 
 
University of Georgia, Athens, Georgia 

















cc air Start Stop 
7/21 122 
Personal Sample - Buddy Logden 
Scraping & bagging - 4th floor 0937 1004 54 27 7,000 0.13 
7/21 137 Same as above (11122) 1004 1041 74 37 14,000 0.19 
7/21 128 
Personal Sample - Tom Merchant 
Scraping & bagging - 4th floor 0936 1004 56 28 5,600 0.10 
7/21 120 Same as above (11128) 1004 1037 66 33 7,000 0.11 
7/21 140 
Area Sample - Outside Bldg. 
15' from decontam. trailer 
0839 1116 311 157 none noted <0.01 
7/21 144 
Area Sample - Outside Work Area 
Near Maint. Shop 0843 1117 311 154 1,400 <0.01 
7/21 145 
Area Sample - 4th floor-Rm457 
Removal in process 0949 1050 121 61 38,000 0.31 
7/21 132 
Area Sample - 4th floor-Rm465 
Removal in process 0952 1053 123 61 22,000 0.18 
NNE 
GEORGIA INSTITUTE OF TECHNOLOGY 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Gemco Construction Company 
Materials 
Fibers greater than 5 Micrometers in length 
    
University of Georgia, Athens, Georgia 
   
    

















cc Air Start Stop 
7/22 146 
Area Sample - Outside Bldg. 
15' 	from Decontam. Trailer 0836 1053 271 137 1,400 0.01 
7/22 130 
Area Sample - Inside bldg. near 0837 1054 273 137 none noted ( 0.01 
7/22 125 
Area Ygge Ei"Room 3-07 
3rd floor-no work in progress 0917 1037 163 80 1,400 0.01 
7/22 147 
Area Sample - Room 351 - no 












4:0.01 7/22 123 
Area Sample - 2nd floor - no 
removal in prngrpQQ 
7/22 133 
Area Sample - Work Area - lounge 
- 	aer elevat^r 0931 1043 142 72 20,000 0.14 
7/22 135 Area Sample - Work Area - 
Room 429 0923 1040 , 155 77 34 000 0.22 
. _ 
ir.,%.,t-mvJAvui 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Plant University of Georgia, Creswell Hall Materials Fibers greater than 5 micrometers in length 
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cc air Start Stop 
7/24 AA-112 Area sample, outside building, 
15 ft W of south entrance (decon', 1304 1515 261 131 3000 0.01 
7/24 AA-116 Area sample, inside 1st floor 
elevator lobby (outside worksite: 1322 1450 173 88 5600 0.03 
7/24 AA-76 Area sample, work area, 3rd floor 
Dolphin lounge (scraping) 1329 1445 150 
76 140,000 0.91 
7/24 AA-102 Area sample, work area, 3rd floor 
Comet lounge (bagging) 1330 1446 151 76 69,000 0.45 
, 
._ . 
GEORGIA INSTITUTE OF TECHNOLOGY 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Plant University of Georgia, Creswell Hall 
Athens, Georgia  

















Area sample, outside building, 
on loading_dock 
0915 
1119 250 124 2800 0.01 
7/25 AA-114 
Area sample, inside 1st floor, 
elevator lobby (outside worksite) 0924 1125 246 121 2800 0.01 
7/25 AA-143 
Area sample, work area, 3rd floor 
room 329 (bagging) 
0927 1128 240 121 14,000 0.06 
7/25 AA-99 
Area sample, work area, 3rd flow 
room 317 (bagging) 
0929 1130 247 121 22,400 0.09 
L 
Plant Gemco Construction Co. 	
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Materials Fibers greater than 5 micrometers in length 
University of Georgia, Creswell Hall 
  
   























Start Stop  
1044 7/26/82 149 
Area sample, outside building, 
on loading dock 
0844 
7/26/82 117 
Area sample, inside building, 
loading area near barriers 
0850 1051 244 121 2800 0.01 
7/26/82 115 
Area sample, work area, 2nd floor 
room 258 	(scraping) 
0858 1000 123 62 32,000 0.26 
7/26/82 142 
Area sample, work area, 2nd door 
room 263 	(bagging) 




GEORGIA INSTITUTE OF TECHNOLOGY 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Plant Gemco Construction Co. 
 
Materials Fibers greater than 5 micrometers in length 
 
Universitvof Georgia. Athens, Georgia 
    

















cc air Start Stop 
7/27 155 
Area Sample, Clean Air Test, 
Cafeteria, East End 0900 1252 457 232 8,400 0.02 
7/27 157 
Area Sample, Clean Air Test, 
Cafeteria. West End 
0902 1254 SAMPLE VOIDED - PUMP NOT FUNCTION NG PROPERLY 
7/27 156 
Area Sample, Work Area, 2nd 
Floor. Room 220 
0928 1028 119 60 32,000 0.27 
7/27 154 
Area Sample, Work Area, 2nd 
Floor. Room 219 
0933 1033 119 60 45,000 0.38 
7/27 139 
Area Sample, Outside Building, 
Loading Deck 
0946 1231 452 225 5,600 0.01 
7/27 	. 158 
Area Sample, Outside Work Area, 
in Loading Area Near Barziers 0948 1234 450 
226 4,200 0.01 
Plant Gemco Construction Co. Materials Fibers greater than 5 micrometers in length 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 





Area sample, clean air test, 




















1257 7/30 161 
7/30 159 
Area sample, clean air test, 
9th floor, room 902 
0932 1259 414 207 15,400 0.04 
7/30 160 
Area sample, 	clean air te8r, 
9th floor, room 948 
0923 1254 420 211 2800 0,01 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Plant Gemco Construction Co. 
University Of Georgia, Athens, Georgia  

















cc air Start Stop 
8/4 163 
Area sample, clean air, 4th floo- 
room 449 
0857 1227 420 210 9800 0.02 	I 
8/4 164 Area sample, 	clean air, 4th floof. 
room 426 
0902 1233 433 211 28,000 0.06 
8/4 165 Area sample, 3rd floor, room 365, 
cleaning in progress 
0911 1115 246 124 2800 0.01 
8/4 167 Area sample, 3rd floor, room 326 
sweeping in progress 
0917 1247 418 210 42,000 0.10 
8/4 162 Area sample, 2nd floor, room 264, 
plastic removal 
0926 1256 418 210 16,800 0.04 
8/4 166 Area sample, 2nd floor, room 226 
last cleanup finished 0931 1301 
418 210 2800 0.01 
vuv.. , vy" a m,Va a.a-V.s.V Vi 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Plant Gemco Construction Company Materials 
Fibers greater than 5 micrometers in length 
     
 
University of Georgia, Cresswell Hall 
   


















cc Air Start Stop 
8/5 AA-167 
Area Sample, Clean Air Test 
2nd Floor, Room 226 1219 1439 286 140 4 3,000 < 0.01 
8/5 AA-168 
Area Sample, Clean Air Test 
3rd Floor, Room 326 1223 1443 284 140 4 3,000 <0.01 
8/5 AA-169 
Area Sample; Clean Air Test 
4th Floor, Room 426 1225 1445 287 140 	J 4 3 9 000 (0.01 
8/5 AA-170 
Area Sample, Clean Air Test 
2nd Floor, Room 264 1229 1449 280 140 17,000 0.06 
8/5 AA-171 
Area Sample, Clean Air Test 
3rd Floor, Room 364 1231 1451 280 140 3,000 0.01 
8/5 AA-172 
Area Sample, Clean Air Test 
4th Floor, Room 464 1233 1453 279 140 <3,000 <0.01 
8/5 AA-173 
Area Sample, Work Area 
1st Floor Apartment 1252 1359 133 67 77,000 0.58 
GEORGIA INSTITUTE OF TECHNOLOGY 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Plant Gemco Construction Co. Materials Fibers greater than 5 mirromerers in length  
  

















rr air Start Stop 
8/6 174 Area sample, clean air, 2nd 
floor, room 251 0924 1228 366 184 <2800 <0.01 
8/6 175 Area sample, clean air, 2nd floor, room 248 0926 1229 366 183 2800 0.01 
8/6 176 Area sample, clean air, 1st 
floor apartment , stairwell 0949 1243 348 174 <2800 <0.01 
8/6 177 Area sample, clean air, 1st 
floor apartment 0952 1242 347 170 <2800 <0.01 
APPENDIX B 
NATIONAL INSTITUTE FOR 
OCCUPATIONAL SAFETY AND HEALTH 
METHOD P & CAM 239 
PROCEDURES FOR FIBER COUNTING BY MICROSCOPY 
SAMPLE PREPARATION  
Preparation of the Mounting Solution 
Combine in a one-to-one ratio (by volume) dimethyl phthalate and diethyl oxalate 
and pour into a Wheaton balsam bottle. The viscosity of the solution must then be 
adjusted; if the mixture is too "thin" the solution will cause the movement of the 
fibers on the filter; if it is too "thick" the filters will not dissolve completely. The 
viscosity is adjusted by adding blank filters to the solution. The number of filters 
to add is based on the amount of solution prepared; approximately 0.05 + 0.005 
grams of new membrance filter per milliliter of solution. Use 10 ml each reagent, 
1.2 g of MCEF membranes. The resulting solution should appear about as viscous 
as molasses. The normal shelf life of the solution is about three months. Twenty 
ml of mounting solution will prepare approximately 300 samples. 
Sample Mounting 
1. Clean the slides and cover slips with lens tissue. Lay each slide down on a 
clean surface with the frosted end up. It is a good practice to rest one edge 
of the cover slip on the slide and the other edge on the working surface. By 
doing this, you keep the bottom surface (the one which contacts the filter) 
from becoming contaminated. 
2. Wipe all the mounting tools clean with lens tissue and place them on a clean 
surface (such as lens tissue). All tools should be wiped clean prior to 
mounting each sample. 
3. Using the glass rod supplied with the Wheaton balsam bottle, apply a drop of 
mounting solution onto the center of the slide. It may be necessary to adjust 
the quantity of the solution so that after the cover slip has been placed on 
top, the solution extends only slightly beyond the filter boundry. If the 
quantity is greater than this particle migration may occur. 
4. Using another glass rod, spread the mounting media into a triangular shape. 
The size of the triangle should coincide with the dimension of the filter 
wedge. 
5. Separate the middle and bottom sections of the cassette to expose the filter. 
Cut a triangular wedge from the center to the edge of the filter using the 
scalpel. The size of the wedge should approximate one-eighth of the filter 
surface. The filter should not be removed from the cassette for cutting. 
6. Grasp the filter wedge with the tweezers on the perimeter of the filter which 
was clamped betwen the cassette sections. DO NOT TOUCH THE FILTER 
WITH YOUR FINGERS. Place the wedge, SAMPLE SIDE UP, upon the 
mounting solution. 
7. Pick up a clean cover slip with tweezers and carefully place it on the filter 
wedge. Once contact has been made, DO NOT REPOSITION THE COVER 
SLIP. 
82-004 
8. Label the slide with the sample number before preceeding to the next filter. 
On the bottom (backside) of the slide, trace the perimeter of the filter wedge 
with a felt tip marking pen. This will enable the counter, after the filter has 
become transparent, to stay within the filter perimeter when counting. 
9. The sample should become transparent within about 15 minutes. If the filter 
appears cloudy, it may be necessary to press VERY LIGHTLY, on the cover 
slip. This is rarely necessary; however, counting should not be started until 
an hour after the mounting. 
10. Samples should be counted within two days of mounting. Crystals appearing 
similar to asbestos fibers may begin to grow at the mounting media/air 
interfaces. 
COUNTING OF FIBERS 
1. Place the slide on the mechanical stage of the microscope and position the 
center of the wedge under the objective Jens and focus upon the sample. 
Start counting from one end of the wedge and progress along a radial line to 
the other end (count in either direction from perimeter to filter tip). Stay 
away from the filter's edges when counting and sizing. Random fields are 
selected, without looking into the eyepieces, by slightly advancing the slide in 
one direction with the mechanical stage control. 
2. It is essential to continually scan over a range of focal planes (generally the 
upper 10 to 15 micrometers of the filter surface) with the fine focus control 
during each field count. This is especially necessary for asbestos fibers due 
to their impaction into the filter matrix. 
3. On most airborne samples, asbestos fibers will generally have fiber diameters 
less than one micrometer. Therefore, it is necessary to look carefully for 
faint fiber images. 
4. Regularly check the phase ring alignment. 
5. When a mass of material covers a significant portion of the field of view 
(about one-sixth or greater) reject the field and select another. (Do not 
include in the number of fields counted.) However, report the fact as it may 
have meaning on other data collection. 
6. Bundles of fibers are counted as one fiber unless both ends of the fiber can be 
clearly resolved. 
7. Count only fibers with a length to width ration greater than or equal to 3:1. 
8. Count only fibers greater than 5 micrometers in length. Measure curved 
fibers along the curve to estimate the total length. 
9. Count as many fields as necessary to yield a total count of a least 100 fibers. 
EXCEPTIONS: a). count at least 20 fields even if you count more than 100 
fibers, and b). stop at 100 fields even if you haven't reached 100 fibers. 
	
10. 	Rules for selecting fibers to be counted: a). COUNT any fiber greater than 5 
micrometers in length, that lies entirely within the counting area, b). 
COUNT as 1 fiber" any fiber with only one end lying within the counting 
area, and c). DO NOT COUNT any fiber crossing any two sides of the 
- counting area. 
CALCULATIONS AND RECORDKEEPING 
1. The following data must be recorded in the microscopy data book: a). name 
of client, b). date of analysis, c). sample number, d). initials of person 
performing the analysis, e). total number of fibers counted, f). total number 
of fields counted, g). air volume (if supplied), h). fibers per filter, and O. 
fibers per cubic centimeter of air (if applicable). Additionally, any comments 
or notes should be recorded. Also a notation should be made if any deviations 
from the standard procedure were made. 
2. To calculate total fibers per filter: 
fiber/filter = (1/ of fibers counted/number of fields) (fields/filter) 
3. To calculate fibers per cubic centimeter of air: 
fibers/cc = (11 of fibers per filter)/((liters of air sampled)(1000)) 
QUALITY CONTROL 
1. Approximately one blank should be submitted for every 20 samples. 
2. Approximately one filter out of every ten should be selected for recounting. 
For a pair of counts on the same filter, reject both values because one might 
be biased if: 
(FB2 - FB1) exceeds 2.77 (M(CVT-IT) 
Where: 
FB1 = lower fiber count (total fibers) 
= higher fiber count (total fibers) 
FB = average of the two total fiber counts 
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Analytical Method 
1. Principle of the Method 
1.1 This method describes the equipment and procedures for collecting, mounting, and counting 
asbestos fibers on cellulose ester membrane filters in the evaluation of personal samples of 
airborne asbestos fibers. The purpose of the method is to determine an employee's index of 
..7.posure to airborne asbestos fibers. The method is primarily a personal monitoring tech-
nique, but can be used for area monitoring. 
1.2 The sample is collected by drawing air through a membrane filter by means of a battery 
powered personal sampling pump. The filter is transformed from an opaque solid membrane 
to a transparent optically homogeneous gel. The fibers are sized and counted using a phase-
contrast microscope at 400-450X magnification. 
1.3 Definitions. Asbestos fiber, for counting purposes, means a particulate which has a physical 
dimension longer than 5 micrometers and with a length to diameter ratio of 3 to 1 or greater. 
Asbestos includes chrysotile, cummingtonite-grunerite (amosite), crocidolite, fibrous trenno-
lite, fibrous anthophyllite, and fibrous actinolite. 
1.4 Any laboratory attempting to use this procedure should have at least one counter attend a 
training course conducted by an experienced, proficient laboratory. Novice, untutored counters, 
using only published instructions, can easily obtain counts of half those performed by experi-
enced, proficient counters. Large differences between laboratories can be caused by  1) dif-
ferences in technique and observing ability among counters and 2) small, but significant, dif-
ferences between microscopes meeting the basic specifications of Section 6.2. The following 
procedures are recommended: 
1.4.1 All microscopists who perform asbestos counting should meet together for an "asbestos 
counting workshop" at least quarterly. This is best accomplished with counters from 
several laboratories using their own microscopes. 
1.4.2 Each microscopist should count the same series of slides and with the results being 
compared. 
1.4.3 Differences between counters should be resolved with side-by-side counting of the 
fields by the different counters. 
1.4.4 Individuals who are found to be persistent outliers over several sessions should be 
encouraged to seek other tasks in their respective laboratories. 	' • 
239-1 
2. Range and Sensitivity 
2.1 The usable range is primarily a function of sample volume, microscope count field area, and 
background airborne particulates. The influence of these variables is discussed in 8.1.3. For 
a microscope count field area of 0.003 mm' (see Figure 1) and a pump flow rate of 1.7 1pm, 
the optimal fiber densities would be produced over the range of 0.4 fiber/cm' (8-hour sam-
ple) to about 60 fibers/cm' (15-minute sample). For a field area of 0.006 mm' (see Figure 
2) and a pump flow rate of 1.7 fpm, the optima! range is 0.2 fiber/cm' (8-hour sample) to 
about 30 fibers/cm' (15-minute sample). In each case, the optimal detection limits are in-
versely proportional to pump flow rate. 
The upper detection limit can be extended by using sample times less than 15 minutes or using 
lower flow rates. The lower deteCtion limit can be extended by increasing the flow rate up 
to about 2.5 1pm. Filter surface fiber densities less than optimal (less than about 0.5 to 1.0 
fiber per count field) are still adequate, but will lead to decreased precision for the method (in-
creased coefficient of variation, see S=tion- 4). 
The minimum total fiber count in 100 fields considered adequate for reliable quantitation 
is 10 fibers. Thus, the Tower limit of reliable quantitation is 0.1 fiber/cm 3 (100,000 fibers/ 
TO. For this level, a flow rate of about 2.5 Ipm is recommended. For a field area of 
0.003 mm', the minimum sample time would be about 2 hours. For a field area of 0.006 
mm', the minimum sample time would be about 1 hour. 
2.2 This method considers only fibers with a length to diameter ratio of 3 to 1 or greater and a 
length greater than 5 micrometers. 
3. Interferences 
In an atmosphere known to contain asbestos, all particulates with a length to diameter ratio of 3 
to 1 or greater, and a length greater than 5 micrometers should, in the absence of other information, 
be considered to be asbestos fibers and counted as such. 
4. Precision and Accuracy 
• 
4.1 In the past decade, there have appeared a number of articles examining sources of variation 
in the asbestos sampling and counting procedure. These include: Lynch et al. (11.1). Weid-
ner and Ayer (11.2), Conway and Holland (11.3), Leidel and Busch (11.4). Beckett and 
Artfield (11.5), and Rajhans and Bragg (11.6). The sources of variation will be discussed 
by stages in the membrane filter evaluation procedure. 
4.2 Sources of Variation in the Sampling Process. These include variations in pump flow rate, 
proximity of the filter to the employee's body, and filter location (left to right) in the em-
ployee's breathing zone. 
4.2.1 Section 9.1 requires that the personal sampling pump be calibrated with sufficient 
accuracy such that the 95% confidence limits on the flow rate are et.- 10%. This is 
equivalent to a coefficient of variation (CV) of about 5%. However, this CV makes 
a negligible contribution to the total CV for the method due to the relatively large CV 
of the counting procedure. 
4.2.2 Conway and Holland (11.3) concluded that positioning of the filter cassette on the 
wearer (regarding the angular portions of the filter and their proximity to the wearer) 
is not a significant factor in determining the fiber distribution on filters. 
4.2.3 Weidner and Ayer (11.2) concluded that there is no appreciable difference between 
samples collected on either the right or left sides of a breathing zone or between 
samples collected side-by-side, especially for samples with concentrations less than 2.5 
fibers/cm'. 
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43 Sources of Variation in the Counting Procedure 
4.3.1 Random variations exist in the fiber distribution on a filter wedge (intra-wedge vari- 
ability). The industrial hygiene literature has seen considerable debate in the last • 
20 years concerning whether or not the distribution of mineral dust or asbestos fibers 
on a filter surface is adequately described by a Poisson distribution probability density 
function. Leidel and Busch (11.4) found excellent agreement between empirical 
error variance and theoretical variance calculated from the assumption of Poisson dis- 
tributed true counts. They concluded that there was not excessive variation among 1 
count fields for a filter wedge and that clumping of fibers (non-random coalescence) 
did not occur. • 
4.3.2 Variations exist in the fiber distribution on the total filter surface (inter-wedge vari-
ability) due to the random or non-random distribution of fibers across the total sur-
face of the filter. This type of variation is easily confused with intra-wedge variations. 
The count procedure does not require counting of multiple sectors of the filter. There 
• may be significant differences between average counts for different wedges, or the fiber 
distribution variations for the total filter surface may be greater than the variations of 
the Poisson distribution. If either of these occur experimentally, one must use the 
experimental variations to estimate the minimum precision of the count procedure. 
The minimum precision is governed by the variations of the fiber distribution on the 
total surface of the filter. 
Conway and Holland (11.3) concluded the distribution of fibers on filters is not uni-
form and the distribution of fiber counts is more disperse than Poisson. For their 
filters which had significant variations in fiber concentrations between sectors (as much 
as 50-60% of the total filter mean), they described the following relation for the 
standard deviation of the total number of fibers counted on a wedge (N) 
empirical s(N) = 1.6 (N)"2 
where N is about 100. The Poisson standard deviation would be: 
, Poisson o (N) 	(N)"2 
Rajhans and Bragg (11.6) in Series I of their study found significant variation between 
filter segments and rejected the Poisson distribution for the total filter surface. How-
ever, in Series II of their study, utilizing various experimental modifications, they found 
no significant variation between filter segments and no reason to reject the assumption 
of Poisson distributed fiber counts. 
4.3.3 Systematic variations due to differences between microscopes were studied by Leidel 
and Busch (11.4). In their study using five different brands of microscopes, they found 
no significant differences among four, but the -fifth gave counts approximately 45% 
higher on the average than the other four. 
4.3.4 Variations due to differences between counters should be examined at three levels: 
experienced counters occasionally counting, experienced counters routinely counting. 
and inexperienced (new or untutored) counters. Leidel and Busch (11.4) studied five 
experienced counters, with one counting only occasionally. There were no significan: 
differences among three of the counters, but a fourth was 16% lower than the first 
three. The fifth, who occasionally counted, averaged 27% higher than the first three. 
Conway and Holland (11.3) studied three experienced counters and three inexperienced 
counters. They found statistically significant differences between the means of both the 
experienced and inexperienced counters that typically were in the range plus or minus 
5 to 15%. They concluded that experience as a fiber counter is not a significant 
parameter affecting intercounter variations. 
239-3 
Rajhans and Bragg (11.6) found - no significant differences among means of five experi-
enced counters in Series I of their study. But in their carefully controlled Series II. 213 
analysis of variance showed significant variations between counters that were plus or 
minus 1 to 15%. 
4.3.5 Variations between laboratories are most likely due to systematic biases and are not 
a significant additional source of random variations. Any additional variations are 
most likely due to differences in counting technique. Beckett and Attfield (11.5) ob-
served that standard counters improved greatly after personal instruction; also new 
counters, after instruction, tended to overcompensate and get exceedingly high counts. 
Additionally, they found that counts from an experienced laboratory that had not had 
contact with other laboratories performing the same analysis were as far from the 
standard values as were the counts by new counters. 
4.4 Sources of variations between samples taken at different times on one employee doting one 
work shift can affect the exposure estimate for that employee. These are primarily due to 
a) differences in exposure concentrations during the day, b) differences in location of the 
employee within the plant, and c) differences in work operation performed by the employee 
during the day. These sources of variation can be controlled by proper choice of sampling 
strategy. Refer to Leidel and Busch (11.7) and Leidel, Busch, and Lynch (11.8) for an 
extended discussion of sampling strategies. Interday temporal variations can affxt the ex-
posure estimates obtained on different days. Refer to Leidel, Busch, and Crouse (11.9) for a 
discussion of this type of variation. 
4.5 Until recently, the total coefficient of variation (CV,) for the sampling and counting proce-
dure was best estimated from the work of Conway and Holland (11.3). The conclusions 
of their study included: 
4.5.1 The precision of their procedure for filters not containing an abundance of fine 
fibers can be estimated by a 'coefficient of variation of 16.2%. This value includes 
variation among counters and observed interaction effects. 
4.5.2 The accuracy of the procedure for similar filters may be estimated for a 100-fiber 
count by a coefficient of variation of 21.4%. This assumes that the contribution 
of the overall variance from the nonuniform fiber distribution is additive. 
4.5.3 A high percentage of very fine fibers on the filter can significantly affect the standard 
deviation and confidence limits for counts by different counters. After combining 
variations in fiber concentrations over the entire filter with those for different counters, 
it was concluded: 
'a. For filters with a low concentration of fine fibers, the coefficient of variation 
is estimated at 21% and the 95% confidence interval is = 43%. 
b. For filters with a high concentration of fine fibers, the coefficient of variation 
is estimated at 25% and the 95% confidence interval is at 50%. 
Lynch, Kronoveter, and Leidel (11.1) have also reported on variations of the method. 
Their intrataboratory study utilized the data from a large number of dust counts made 
by different methods by experienced counters over a period of years in an epidemiologic 
study of the asbestos products industry. They concluded that the standard deviation of 
counts of fibers longer than 5 micrometers on membrane filters could be estimated 
from the relation er = (N)""). Thus for counts of about 100 fibers, the coefficient of 
variation could be estimated at about 15.2% and the 95% confidence limits at 
30.4%. These values are lower than the values reported by Conway and Holland 
(11.3).  
Recently, the Johns-Manville Corporation conducted an in-house investigation of the 
asbestos count method (11.10). The study data contained total fiber counts for over 
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100 filters with each filter counted by two to five counters. From the Johns-Manville 
data, NIOSH calculated over 100 estimates of the count CV for the method (11.11). 
The NIOSH CV estimates included random intrafilter variations and intercounter 
variations, but did not include random pump flow rate variations. It was found that 
the count coefficient of variation (all random variations except for pump variations) 
was a function of the total fiber count. NIOSH then included a CV of 0.05 for ran-
dom pump variations (see Section 9.1) in the CV-estimator equation to obtain a 
CVO-estimator. The CV•-estimator line is plotted on Figure 3 for total fiber counts in 
the range 10 to 100 fibers. Or the following equation can be used: 
CV? = (antilog io(— 0.215 — 0.203 (log, oFB)) + 0.0025] 
where FB is total fiber count as discussed in Section 10. 
Figure 3 demonstrates that for a total fiber count of 100, the best CVT is attainable with 
the appropriate sampling times given in 8.1.3 and the count rules in 8.3.9. When 
making decisions regarding compliance With the OSHA asbestos exposure standards in 
29 CFR. 1910.1001, the statistical procedures given in Leidel et al. (11.11) should be 
followed. The procedures are based on statistical theory and assumptions given in 
References 11.12, 11.13. • 
Because of the possibility of systematic biases due to differences between microscopes, 
counters, and laboratories as discussed above, it is strongly recommended that any 
laboratory counting asbestos should participate in an interlaboratory quality control 
program that includes the counting of standard reference filters. These standard filters 
are available from NIOSH through the Proficiency Analytical Testing (PAT) Pro-
gram. The PAT Program is used by the American Industrial Hygiene Association 
(AIHA) as part of its Laboratory Accreditation Program. Each laboratory's quality 
control program must include protocols for routinely adjusting and calibrating sampling 
and counting equipment plus training and evaluation programs for counters. 
5. Advantages and Disadvantages of the Method 
5.1 The method is intended to give an index of employee exposure to airborne asbestos fibers 
of specified dimensional characteristics. 
5.2 It is not meant to count all asbestos fibers in all size ranges or to differentiate asbestos from 
other fibrous particulates. 
6. Apparatus 
6.1 Sampling Equipment 
The personal sampling equipment train consists of 1) personal sampling pump, 2) tubing. 
3) clothing spring clip, 4) tubing-to-field monitor metal adaptor, and 5) field monitor (filter 
and holder). . 
6.1.1 Personal Sampling Pump. The pump must be capable of sampling at 1.0 to 2.5 liters 
per minute (10m) against a now resistance of 7.5 inches of water (1.4 cm Hg) for 8 
continuous hours on a fully charged battery. 
6.1.2 Tubing. Laboratory tubing such as rubber or plastic with 6-mm bore and about 100 
cm length. 
6.1.3 Clothing Spring Clip. The clip attaches the rubber tubing to the lapel or shirt of the 
individual being monitored. 
6.1.4 Tubing-to-field Monitor Adaptor. A short metal adaptor with ridges on one end to 
grip the inside of the tubing. The other end is designed for a pressure fit into the 
field monitor. 
6.1.5 Field Monitor (Filter and Holder). The only field monitor currently considered 
acceptable by NIOSH is manufactured by the Millipore Corporation. The Unit con- 
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sists of I) a three section styrene plastic case designated Millipore Aerosol Monitor 
Case, 2) a 37-mm diameter plain white cellulose ester membrane filter designated 
Millipore AA (pore size of 0.8 micrometer), 3) a support pad, and 4) two plastic 
sealing caps. If a large number of samples are to be taken, it may be less expensive 
to reuse the plastic cases. Great care must be taken in the cleaning and reassembly 
process. The outside mating surfaces of the field monitors may be covered with a 
"shrink-fit" band to provide proper sealing and a writing surface for filter identifica-
tion. 
6.2 Optical Equipment and Microscope Features 
6.2.1 Microscope body with binocular bead. 
6.2.2 10X Huygenian eyepieces are recommended. Other eyepieces can be substituted if 
necessary. Wide field eyepieces can be used; however, wide field eyepieces may 
yield a count field area less than 0.003 mm= with the Porton reticle. This is not 
always desirable from the standpoint of obtaining optimum sampling times (see Sec-
tion 8.1.3). If wide field eyepieces are used, it is preferable to use the Patterson 
Globe and Circle reticle to obtain a larger count field area. 
6.2.3 Koehler illumination (preferably built-in with provisions for adjusting light intensity). 
6.2.4 A Porton reticle is recommended. Others such as the Patterson Globe and Circle 
can be substituted. 	 • 
6.2.5 Mechanical stage. 
6.2.6 . Phase-Contrast condenser with a numerical aperture (N.A.) equal to or greater than 
the N.A. of the objective. 
6.2.7 40-45X phase contrast achromatic objective (NA. 0.65 to 0.75). 
6.2.8 Phase-ring centering telescope or Bertrand lens. 
6.2.9 Green or blue filter, if recommended by microscope manufacturer. 
6.2.10 Stage micrometer with 0.01 mm subdivisions. 
6.2.11 For general guidance on phase contrast microscopy, consult Needham (11.12), Clark 
(11.15) and McCrone (11.14). 
6.3 Filter Mounting Equipment. Experience has shown that certain equipment is useful for 
efficient sample mounting. The following items are recommended for extracting and mount-
ing a portion of the filter for counting. 
6.3.1 Microscope slides. 2.5 by 7.5 cm glass slides are most commonly used. Sample 
number, data, initials, etc., can be conveniently written on a . frosted end slide. 
6.3.2 Cover Slips. Cover slips are a necessary part of the slide mount and optical system. 
The shape should be appropriate for the size of the filter wedge. The appropriate cover 
slip depends upon the objective to be used. Ordinarily, objectives are optically cor-
rected for a #11/2 (0.17 millimeter) thickness cover slip. Improper cover glass thick-
ness will detract from the final image quality. 
6.3.3 Scalpel. A scalpel is needed to cut out a portion of the filter to be examined. A num-
ber-ten curved blade scalpel is recommended. 
6.3.4 Tweezers. A pair of fine-tipped tweezers is used to remove the membrane filter slice 
from the field monitor and place it upon the slide. 
6.3.5 Lens Tissue. To insure cleanliness, a lint-free tissue is recommended. This tissue 
should also be used for wiping mounting tools and for cleaning slides and cover slips. 
6.3.6 Glass Rod. A fire-polished glass rod may be used to spread the mounting solution 
on the slide. 
• 
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6.3.7 Wheaton Balsam Bottle. This special glass container has a glass top which prevents 
- 	contamination of the mounting solution. A glass rod is. included for dispensing the 
solution. 
, Reagents 
Chemicals should be reagent grade, free from particles and color, conforming to the specifications 
of the Committee on Analytical Reagents of the American Chemical Society, where such specifi-
cations are available. 
7.1 Dimethyl phthalate 
7.2 Diethyl oxalate 




8.1.1 General Information 
Guidelines for the monitoring of employee exposures to industrial atmospheres are 
given in Reference 11.8. The Federal requirements for monitoring employee expo-
sure to airborne asbestos are found in 29 CFR 1910.1001. 
8.1.2 Mounting the Sampling Pump on the Worker 
Fasten the sampling pump to the worker's belt and fasten the field monitor to the 
lapel or shirt front (as close to the breathing zone as is practical). Remove the top 
cover of the plastic . monitor, then invert the monitor making certain the exposed 
filter is facing downward. Turn the pump on and adjust to the calibrated flow rate 
(1.0 to 2.5 1pm). Record the following information in a . logbook. 
I. Filter number 
2. Pump start time and date 
3. Flow rate 
4. Subject's name and job title 
5. Type of operation or process 
6. Ventilation controls and is the worker wearing a respirator approved for asbestos? 
The pump should be checked periodically during the sampling period for proper oper-
ation and flow rate. 
8.1.3 Optimum Sampling Times 
The requirement for the minimum count of 100 fibers or 20 fields in 8.3.9 was 
determined to be the best compromise to achieve adequate precision for the airborne 
fiber estimate and reasonable counting times. An optimum fiber density of about 
I to 5 fibers per microscope count field is recommended. To estimate appropriate 
sampling times for feasible counting and optimal counting, one must consider the 
following constraints: 
1. microscope count field area (generally 0.003 to 0.006 mm') 
2. pump flow rate (typically 2.5 1pm maximum) 
3. average airborne fiber concentrations 
4. counting rule range of 20 to 100 fields 
S. adequate fiber density to obtain a minimum count of 10 fibers in 100 fields, which 
is the least total fiber count that yields an acceptable count precision 
6. background airborne particulate levels that can reduce the count precision due to 
an obscuring of fibers on the filter surface 
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The preceding constraints were considered in drawing Figures 1 and 2. These figures 
were developed from the following relationship: 
(FB/FL) (ECA/MFA) 
(FR) (AC) (1000) 
where: 
FB/FL = 1 to 5 fibers/field 
ECA =effective collecting area of filters (255 mm' for 37-mm Filter with effec-
tive diameter of 33 mm) 
MFA = microscope field area (generally 0.003 to 0.006 mm') 
FR 	= Pump flow rate (generally 1.0 to 2.5 1pm) 	• 
AC = Air concentration of fibers in fibers/em'. 
Figure 1 (microscope field area = 0.003 mm=) and Figure 2 (microscope field area M 
0.006 mm') show optimum and feasible sampling times for a pump flow rate of 1.7 
Ipm. Each individual responsible for sampling asbestos should prepare a similar chart 
for his particular pump flow rate and microscope field area before sampling is per-
formed to aid in estimating proper sampling times. On Figures 1 and 2, the areas 
with solid shading lines are generally the optimum conditions for counting. The 
broken shading lines are for conditions very close to optimal. 
However, feasible counting conditions may extend down to about 0.1 fiber/field and 
and above S fibers/field. Recommended sampling times are most strongly in2uenced 
by background airborne particulate levels, once all the other constraints have been 
estimated. For heavy particulate levels, it may be necessary to limit each filter to 
about 60 to 180 minutes sampling duration. Each individual responsible for sampling 
should work closely with the microscopist to attain as high as possible filter surface 
fiber densities (up to about S fibers/field), while avoiding filter surface background 
particulate levels that create very difficult or impossible counting conditions. If one 
has very little idea of airborne fiber and particulate levels, the best procedure is to 
take several long samples (as one 8-hour or two consecutive 4-hour samples) in con-
junction with several short samples (as four consecutive 2-hour or eight consecutive 
1-hour samples). If the longer samples prove very difficult to count, the microscopist 
will have the shorter samples to fall back on. • 
From Figures 1 and 2, it can be seen that there are certain sampling times which 
will yield optimum fiber densities on the filter for almost all airborne fiber concen-
trations from 1 to 10 fibers/cm'. These optimum times have been calculated and are 
presented in Figure 4. Note that the optimum times given by Figure 4 are approxi-
mate and can be varied by as much as = 25%. The nomogram is intended as a 
guide to be used where no prior knowledge of the air concentration is available. 
8.1.4 End of Sampling Period 
Remove the field monitor, replace the plastic top cover and the small end caps, and 
store the monitor. Always shut off the pump when changing monitors to avoid 
contaminating or damaging the pump. Record the pump shutoff time and flow rate 
in the logbook. 
8.1.5 Blanks 
With each batch (25 to 50 filters) of samples sent for analysis, submit two unopened 
field monitors which have been subjected to the same treatment as the samples except 
that they were not exposed to the sampling environment. Label these as blanks. If 
the blanks yield fiber counts greater than S fibers/100 fields, then the entire sam-
pling procedure should be examined carefully for the cause of contamination. The 
sampling time = minutes 
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mounting solution of Section 8.2.1 should also be examined for contamination and/or 
crystal growth. 
8.1.6 Shipping 
The field monitors in which the samples are collected should be shipped in a rigid 
container with sufficient packing material to prevent crushing. 	 . 
8.1.7 Numbers of Samples 
When sampling for the Federal ceiling standard of 10 fibers (>5pm)/cm*, [29 CFR 
1910.1001(b) (3), effective July 7, 1972j, only one sample (15 minutes maximum 
duration) is necessary, theoretically. However, several samples should be taken dur-
ing expected periods of peak air concentrations to allow for detection of gross sam-
pling or counting errors. 
When sampling for determination of noncompliance with the Federal 8-hour TWA 
standard of 2 fibers (>5pm)/cm 3. [29 CFR 1910.1001(b) (2)1, one should contin-
. uously sample as large a portion of the work day as is feasible for airborne concen-
trations of about 2 to 10 fibers/cm'. However, for a lower airborne concentration 
such as 0.5 fiber/em', one sample might require 4 to 8 hours sampling time in order 
to get the proper filter fiber density (Section 8.1.3). For this situation, the 8-hour 
TWA exposure would be determined from one 8-hour or two 4-hour samples as ap-
propriate. 
8.2 Sample Preparation 
8.2.1 Preparation of Mounting Solution 
A very important part of the sample evaluation is the mounting process. This proc-
ess involves a special mounting medium of prescribed viscosity. The proper viscosity 
is important in order to expedite filter dissolving and still minimize particle migration. 
After the sample has been mounted, an elapsed time of approximately sixty minutes 
is needed before the sample is ready for evaluation. 
Combine the dimethy! phthalate and diethyl oxalate in a one to one ratio by volume 
and pour into a Wheaton balsam bottle. Add approximately 0.05 (= 0.005) grams 
of new membrane filter per milliliter of solution to reach the necessary viscosity. The 
mixture must be stirred periodically until the filters have dissolved and a homogeneous 
mixture is formed. The normal shelf life of the mounting solution is about three 
months. Twenty milliliters of mounting solution will prepare approximately 300 
samples. 
8.2.2 Sample Mounting 
Cleanliness is important! A dirty working area may result in sample contamination 
and erroneous counts. The following steps should be followed when mounting a sample. 
1. Clean the slides and cover slips with lens tissue. Lay each slide down on a clean 
surface with the frosted end up. It is a good practice to rest one edge of the 
cover slip on the slide and the other edge on the working surface. By doing this, 
you keep the bottom surface (the one which contacts the filter) from becoming 
contaminated. 
2. Wipe all the mounting tools clean with lens tissue and place them on a clean surface 
(such as lens tissue). All tools should be wiped clean prior to mounting each sample. 
3. Using the glass rod supplied with the Wheaton balsam bottle, apply a drop of 
mounting solution onto the center of the slide. It may be necessary to adjust the 
quantity of solution so that after the cover slip has been placed on top, the solu-
tion extends only slightly beyond the filter boundary. If the quantity ikve-ater than 
this, particle migration may occur. 
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4. Using another glass rod, spread the mounting media into a triangular shape. The 
size of this triangle should coincide with the dimension of the filter wedge. 
5. Separate the middle and borions sections of the field monitor case to expose the 
filter. Cut a triangular wedge from the center to the edge of the Biter using the 
scalpel. The size of the wedge should approximate one-eighth of the filter surface. 
The filter can be very carefully removed from the cassette for cutting, but this 
should only be done with great care. 
6. Grasp the filter wedge with the tweezers on the perimeter of the filter which was 
clamped between the monitor case sections. Do not touch the filter with your 
fingers. Place the wedge, sample side up, upon the mounting medium. 
7. Pick up a clean cover slip with tweezers and carefully place it on the filter wedge. 
Once this contact has been made, do not reposition the cover slip. 
8. Label the slide with the sample number and current date before proceeding to the 
next Biter. On the bottom (backside) of the slide, trace the perimeter of the filter 
wedge with a felt tip marking pen. This will enable the counter, after the filter 
has become transparent, to stay within the filter perimeter when counting. 
9. The sample should become transparent within fifteen minutes. If the filter appears 
cloudy, it may be necessary to press very lightly cn the cover slip. This is rarely 
necessary; however, counting should not be started until an hour after the mount-
ing. This allows the microscopic texture of the filter to become invisible to micro- , 
scope viewing. 
10. Discard the sample mount after two days if it has not been counted. Crystals 
appearing similar to asbestos fibers may begin to grow at the mounting media/air 
interfaces. They seldom present any problems if the slide is examined before two 
days. In any case, stay away from the filter's edges when counting and sizing. 
8.3 Counting of Fibers 
8.3.1 Place the slide on the mechanical stage of the microscope and position the center of 
the wedge under the objective lens and focus upon the sample. Start counting from 
one end of the wedge and progress along a radial line to the other end (count in 
either direction from perimeter to wedge tip). Random fields are selected, without 
looking into the eyepieces, by slightly advancing the slide in one direction with the 
mechanical stage control. 
8.3.2 It is essential to continually scan over a range of focal planes (generally the upper 
10 to 15 micrometers of the filter surface) with the fine focus control during each 
field count. This is especially necessary for asbestos fibers due to their impaction 
into the filter matrix. 
8.3.3 On most airborne samples, asbestos fibers will generally have fiber diameters less than 
one micrometer. Therefore, it is necessary to look carefully for faint fiber images. 
8.3.4 Regularly check phase ring alignment. 
8.3.5 When an agglomerate (mass of material) covers a significant portion of the field of 
view (approx 1/6 or greater) reject the held and select another. (Do not include 
it in the number of fields counted.) However, report the fact as it may have meaning 
on other data collection. 
8.3.6 Bundles of fibers are counted as one fiber unless both ends of the fiber can be 
clearly resolved. 
8.3.7 Count only fibers with a length to width ratio greater than or equal to 3:1. 
8.3.8 Count only fibers greater than S micrometers in length. (Be as accurate as possible 
in accepting fibers near this length.) Measure curved fibers along the curve to esti-




8.3.9 Count as many fields as necessary- to yield a total count of at least 100 fibers. Ex-
ceptions: a) count at least 20 fields even if you count more than 100 fibers, and b) stop 
• 	at 100 fields even if you haven't reached 100 fibers. 
8.3.10 For fibers that cross either one or two sides of the counting field, the following pro-
cedure is used to obtain a representative count. 
COUNT any fiber greater than 5 micrometers in length, that lies entirely within the 
counting area. COUNT as "1/2 fiber" any fiber with only one end lying within the 
counting area. DO NOT COUNT any fiber crossing any two sides. • 
Reject and do not count all other fibers. Refer to Figures 5 through 10. Note that the 
fibers in Figures 5 through 10 are not representative of the appearance of most as-
bestos fibers. Most fibers have a very faint image. 
9. Calibration and Standards 
9.1 Sampling Train Calibration 
The accurate calibration of the sampling pump is essential to the correct calculation of the 
air volume sampled. The frequency of calibration is dependent on the use, care, and hand-
ling to which the pump is subjected. Pumps must be recalibrated if they have just been 
repaired, misused, or received from the manufacturer. If the pump receives hard usage, more 
frequent calibration may be necessary. Ordinarily, pumps should be calibrated in the labora-
tory both before they are used in the field and after they have been used to collect a large 
number of held samples. • 
The accuracy of calibration is dependent upon the type of instrument used as a reference. 
The choice of a calibration instrument will depend largely on where the calibration is per-
formed. For laboratory testing, a 1-liter buret used as a soap bubble flow meter or wet-test 
meter is recommended. Other standard calibrating instruments, such as a spirometer, Mar-
riott's bottle, or dry gas meter can be used. The calibration should be of suMcient precision 
that the 95% confidence limits on the flow rate are = 10% (95% of the flow rates will 
fall within at- 10% of the calibrated value). 
Instructions for calibration with the soap bubble flow meter follow. The sampling train used 
(pump, hose, filter cassette) in the pump calibration should be the same as the one used in 
the held. 
9.1.3 Check the voltage of the pump battery with a voltmeter both with the pump off and 
while it is operating to assure adequate voltage for calibration. If necessary, charge 
the battery to manufacturer's specifications. 
9.1.2 Fill a beaker with 10 ml of soap solution. 
9.1.3 Connect the filter cassette inlet to the top of the buret with a length of hose. 
9.1.4 Turn the pump on and moisten the inside of the soap bubble meter by immersing the 
open end of the buret into the soap solution and drawing bubbles up the inside of the 
buret. Perform this task until the bubbles are able to travel the entire length of the 
buret without breaking. 
9.1.5 Adjust the pump rotameter to provide a flow between 1.5 to 2.5 1pm. 
9.1.6 With a water manometer, check that the pressure drop across the filter is less than 
13 inches of water (about 1 inch of mercury). 
9.1.7 Start a soap bubble up the buret and measure the time it takes for the bubble to travel 
a minimum volume of 1 liter. 
9:1.8 Repeat the procedure in 9.1.7 at least three times, average the results, and calculate 
the calibrated flow rate by dividing the volume traveled by the soap bubble by the 
elapsed time. If the range between the highest and lowest of the three flow rates is 
greater than about 0.33 Ipm, then the calibration should be repeated since it is likely 
that the precision is not adequate. 
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9.1.9 Data required for the calibration include the volume measured, elapsed time, pressure 
drop, air temperature, atmospheric pressure (or elevation), pump serial number, date, 
and name of person performing the calibration. 
9.1.10 Corrections to the flow rate for pumps with rotameters may be necessary if the pres-
sure (elevation) or temperature where the samples are collected (actual flow rate) 
differs significantly from that where the calibration was performed (indicated flow ra:e). 
Actual flow rates at time of sampling may be calculated for a linear scale rotameter by 
using the following correction formula: 
0 I= • *aim/ 	Q indicated Nt 
Pee t 	 T 
 
P actual 	 Tcal 
 
where both pressure (P) and temperature (T) are in absolute units such as: 
pcia 	= psis + 14.7 	• 
deg Rankin = deg Fahrenheit + 460 
deg Kelvin = deg Celsius + 273 
9.2 Microscope Setup 
9.2.1 Porton Reticle and the Counting Field 
The asbestos fiber count procedure consists of comparing fiber length to the diam-
eters of calibrated circles of a Porton reticle, and counting all fibers greater than 
5 micrometers in length lying within a given counting field area. The Porton reticle 
is a glass plate inscribed with a series of circles and rectangles. The left half of the 
reticle is divided into six rectangles constituting the counting field. The counting field 
is illustrated in Figures 5 through 10. 
9.2.2 Placement in Eyepiece 
The Porton reticle is placed inside the Huygenian eyepiece where it rests on the field-
limiting diaphragm. If other types of eyepieces are used, it may be necessary to insert 
a counting collar for retaining the reticle. The reticle should always be kept clean, 
since dirt on the reticle is in focus and could complicate the counting and sizing 
process. 
9.2.3 Stage Micrometer 
The Porton reticle cannot be used for counting until it has been properly calibrated 
with a stage micrometer. Most stage micrometer scales are approximately two 
millimeters long and are divided into units of one-hundredth of a millimeter (ten 
micrometers). 
9.2.4 Microscope Adjustment 
When adjusting the microscope, follow the manufacturer's instructions while observing 
the following guidelines. 
1. The light source image must be in fetus  and centered on the condenser iris or 
annular diaphragm. . 
2. The particulate material to be examined must be in focus. 
3. The illuminator field iris must be in focus, centered on the sample, and opened only 
to the point where the field of view is illuminated. 
4. The phase rings (annular diaphragm and phase•shifting elements) must be con-
centric. 
9.2.5 Porton Reticle Calibration Procedure 
Each eyepiece-objective-reticle combination on the microscope must be calibrated. 
Should any of the three be changed (disassembly, replacement, zoom adjustment, etc.), 
the combination must be recalibrated. Calibration may change if interpupillary dis- 
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lance is changed. For proper calibration, the following procedure should be followed 
closely. 	 -- 
With a 10X objective in place, place the stage micrometer on the mechanical 
stage, focus the millimeter scale, and center the image. Change to the 40-45X objec-
tive and adjust the first millimeter scale division to coincide with the left boundary of 
the Porton rectangle. Measure the distance between the left and extreme right bound-
aries of the Porton rectangle, estimating any portion of the final division. This meas-
urement represents 200 L units. The rectangle is 100 L units on the short vertical 
dimension. The calculated "L" is inserted into the formula D = L(2") 1 "2 where "N" 
is the circle number (indicated on the reticle) and "D" is the circle diameter. Since 
the circle diameters vary logarithmically, every other circle doubles in diameter. For 
example, circle number three is twice the diameter of number one; number four is twice 
the diameter of number two. When the circle sizes have been determined, the count-
ing field area which consists of the left six smaller rectangles can be calculated from 
the relation 10,000 V. This completes the reticle calibration for this sp e objec-
tive-eyepiece-reticle combination. 
Example for Porton Reticle 
The following calibration was obtain 	for a pair of 10X Huygenian eyepieces and a 
43X objective: . 
200 L = 0.148 mm = 148 micrometers 
100 L = 0.074 mm = 74 micrometers 
One L-unit '= 0.74 micrometers 
Thus Circle #1 has a diameter D = L(2N)" 2 = 0.74(2 1 ) 1 ' 2 = h74 (1.414) = 1.05 
micrometers. 
Then our circle diameter calibration table looks like: 
Diameter of Circle #1 = 1.05 micrometers 
#2 or 1.48 
03 or 2.09 
#4 or 2.96 
#5 = 4.19 
#65.92 5.92
Field area = (10,000) (L2) = (100 L) (100 L) = (0.074) (0.074) = 0.0055 
mm2 
Thus fibers with a length greater than a distance halfway between the diameters of 
the #5 and #6 circles would be counted. 
If a Patterson Globe and Circle reticle is used, a different calcu!ation proc edure is 
required. The circle diameters are related as follows. The #25 circle diameter is 
(0.1) (reticle length). • 
The circle diameters are proportional to the ratio of their numbers. Thus the #20 
circle diameter is (20/25) or 0.8 times the #25 circle diameter. 
10. Calculations 
10.1 The average airborne asbestos fiber concentration estimated by the filter sample may be 
calculated from the following formula: 
AC = ((FB/FL) — (BFB 'BFL)) (ECA)  
(1000) (FR) (1) (MFA) 
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where: 
AC = Airborne fiber concentration in (fibers > 5 pm)/em'. 
BFB = Total number of fibers counted in the BFL fields of the blank or control filters 
in fibers > S pm. 
BFL = Total number of fields counted on the blank or control filters. . 
ECA = Effective collecting area of filter (855 mm 2 for a 37-mm filter with effective di-
ameter of 33 mm). 
FR = Pump flow rate in liters/min (1pm). 
FB 	= Total number of fibers counted in the FL fields in fibers > S pin. 
FL = Total number of fields counted on the filter. 
MFA = Microscope count field area in mm' (generally 0.003 to 0.006). 
T 	= Sample collection time in minutes. 
10.2 Recount criteria. It is very desirable for a counter to conduct a "blind recount" for about 
I in every 10 filter wedges (slides) counted. Alternatively, a second counter could perform 
the blind recount. In training sessions for novice counters, the trainee should conduct a blind 
recount for filter wedges counted by an experienced, proficient counter. In all cases, we will 
observe differences between the first and second counts of the same filter wedge. Most of 
these differences will be due to chance alone, that is, due to the random variability (precision) 
of the count method. Statistical recount criteria enable us to decide whether observed dif-
ferences can reasonably be explained due to chance alone or are probably due to systematic 
differences between counters or microscopes or due to some other biasing factor. 
The following recount criterion is for a pair of counts that estimate some airborne fiber con-
centration (AC) in fibers/cm'. The criterion is given at the type-I error level. That is. 
there is a 5% maximum risk that we will reject a pair of counts for the reason that one 
might be biased, when the large observed difference is really due to chance. 
Reject a pair of counts because one might be biased if: 
(AC2 — AC E ) exceeds 2.77(AC)(CV7m) 
where: 
AC 1 = lower estimated airborne fiber concentration 
AC2 = higher estimated airborne fiber concentration 
AC = average of the two airborne concentration estimates 
CVi t, = average CV for the two concentration estimates which are a function of the total 
fiber count (FB) in each case. Use the relation in Section 4 or Figure 3. 
For a pair of counts on the sane filter, reject the pair because one might be biased if: 
(F132 — FS ' ) exceeds 2.77(FB)(CV ni) 
where: 
FB I = lower fiber count on the filter (total fibers) 
= higher fiber count on the filter (total fibers) 
FB = average of the two total fiber counts 
CV 21, = CVT for the value FB. Use the relation in Section 4 or Figure 3. 
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LIST OF FIGURES 
(S through 10) 
FIGURE 5. DO NOT COUNT. Fiber crosses top and bottom sides. 
avt.., mt. 6. COUNT. One fiber. 
FIGURE 7. COUNT. One-ball fiber. Fiber crosses left side and one end lies within count area. 
FIGURE 8. COUNT. One-ball fiber. Fiber crosses bottom side and one end lies within count 
area. 
FIGURE 9. DO NOT COUNT. Fiber crosses two sides. 
FIGURE 10. DO NOT COUNT. Fiber crosses two sides (bottom left corner). 
COUNT. One-ball fiber. Fiber crosses bottom side and one end lies within count area. 
COUNT. One fiber (top right corner). 
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APPENDIX C 
1) OSHA ASBESTOS STANDARD 29 CFR 1910.1001 
2) EPA ASBESTOS STANDARD 40 CFR 61 
OSHA 
1910.1001 - ASBESTOS 
(a) Definitions 
For the purpose of this section. 
(I) 	"Asbestos" includes 	chrysotile, 	amosite, 	crocidolite, tremolite, 
anthophyllite, and actinolite. 
(2) "Asbestos fibers" means asbestos fibers longer than 5 micrometers. 
(b) PERMISSIBLE EXPOSURE TO AIRBORNE CONCENTRATIONS OF ASBESTOS 
FIBERS 
(I) Standard effective July 7, 1972. The 8-hour, time-weighted average 
airborne concentrations of asbestos fibers to which any employee may be 
exposed shall not exceed five fibers, longer than 5 micrometers, per cubic 
centimeter of air, as determined by the method prescribed in paragraph 
(e) of this section. 
(2) Standard effective July I, 1976. The 8-hour, time-weighted average 
airborne concentrations of asbestos fibers to which any employee may be 
exposed shall not exceed two fibers, longer than 5 micrometers, per cubic 
centimeter of air, as determined by the method prescribed in paragraph 
(e) of this section. 
(3) Ceiling concentration. No employee shall be exposed at ony time to 
airborne concentration of asbestos fibers in excess of 10 fibers, longer 
than 5 micrometers, per cubic centimer of air, as determined by the 
method prescribed in paragraph (e) of this section. 
(c) METHODS OF COMPLIANCE 
(I) ENGINEERING METHODS 
(I) 	Engineering controls. Engineering controls, such as but not limited 
to, isolation, enclosure, exhaust ventilation, and dust collection, 
shall be used to meet the exposure limits prescribed in paragraph (b) 
of this section. 
(ii) LOCAL EXHAUST VENTILATION 
(a) Local exhaust ventilation and dust collection systems shall be 
designed, constructed, installed, and maintained in accordance 
with the American National Standard Fundamentals Governing 
the Design and Operation of Local Exhaust Systems, ANSI 29.2-
1971, which is incorporated by reference herein. 
(b) See Section 1910.6 concerning the availability of ANSI-A9.2-
1971, and the maintenance of a historic file in connection 
therewith. The address of the American National Standards 
Institute is given in Section 1910.100. 
(iii) PARTICULAR TOOLS - 
All hand-operated and power-operated tools which may produce or 
release asbestos fibers in excess of the exposure limits prescribed in 
paragraph (b) of this section, such as, but not limited to, saws, 
scorers, abrasive wheels, and drills, shall be provided with local 
exhaust ventilation systems in accordance with subdivision (ii) of 
this subparagraph. 
(2) WORK PRACTICES 
(i) Wet methods. Insofar as practicable, asbestos shall be handled, 
mixed, applied, removed, cut, scored, or otherwise worked in a wet 
state sufficient to prevent the emission of airborne fibers in excess 
of the exposure limits prescribed in paragraph (b) of this section, 
unless the usefulness of the product would be diminished thereby. 
(ii) Particular products and operations. No asbestos cement, mortar, 
coating, grout, plaster, or similar material containing asbestos shall 
be removed from bags, cartons, or other containers in which they 
are shipped, without being either wetted, or enclosed, or ventilated 
so as to prevent effectively the release of airborne asbestos fibers in 
excess of the limits prescribed in paragraph (b) of this section. 
(iii) Spraying, demolition, or removal. 	Employees engaged in the 
spraying of asbestos, the removal, or demolition of pipes, structures, 
or equipment covered or insulated with asbestos, and in the removal 
or demolition of asbestos insulation or coverings shall be provided 
with respiratory equipment in accordance with paragraph (d) (2) (iii) 
of this section and with special clothing in accordance with 
paragraph (d) (3) of this section. 
(d) PERSONAL PROTECTIVE EQUIPMENT 
(1) Compliance with the exposure limits prescribed by paragraph (b) of this 
section may not be achieved by the use of respirators or shift rotation of 
employees,_ except: 
(i) During the time period necessary to install the engineering controls 
and to institute the work practices required by paragraph (c) of this 
section; 
(ii) In work situations in which the methods prescribed in paragraph (c) 
of this section are either technically not feasible or feasible to an 
extent insufficient to reduce the airborne concentrations of asbestos 
fibers below the limits prescribed by paragraph (b) of this section; or 
(iii) In emergencies. 
(iv) Where both respirators and personnel rotation are allowed by 
subdivision (i) and (ii), or (iii) of this subparagraph, and both are 
practicable, personnel rotation shall be preferred and used. 
(2) Where a respirator is permitted by subparagraph (I) of this paragraph, it 
shall be selected from among those approved by the Bureau of Mines, 
Department of the Interior, or the National Institute for Occupational 
Safety and Health Department, of Health, Education, and Welfare, under 
the provisions of 30 CFR Part 11 (37 P.R. 6244, March 25, 1972), and shall 
be used in accordance with subdivisions (i), (ii), (iii), and (iv) of this 
subparagraph. 
(I) 	Air purifying respirators. A reusable or single use air purifying 
respirator, or a respirator described in subdivision (ii) or (iii) of this 
subparagraph, shall be used to reduce the concentrations of airborne 
asbestos fibers in the respirator below the exposure limits prescribed 
in paragraph (b) of this section, when the ceiling or the 8-hour, time-
weighted average airborne concentrations of asbestos fibers are 
reasonably expected to exceed no more than 10 times those limits. 
(ii) Powered air purifying respirators. A full facepiece powered air 
purifying respirator, or a powered air purifying respirator, or a 
respirator described in subdivision (iii) of this subparagraph, shall be 
used to reduce the concentrations of airborne asbestos fibers in the 
respirator below the exposure limits prescribed in paragraph (b) of 
this section, when the ceiling or the 8-hour, time-weighted average 
concentrations of asbestos fibers are reasonably expected to exceed 
10 times, but not 100 times, those limits. 
(iii) Type "C" supplied-air respirators, continuous flow or pressure-
demand class. A type "C" continuous flow or pressure-demand, 
supplied air respirator shall be used to reduce the concentrations of 
airborne asbestos fibers in the respirator below the exposure limits 
prescribed in paragraph (b) of this section, when the ceiling or the 8-
hour, time-weighted average airborne concentrations of asbestos 
fibers are reasonably expected to exceed 100 times those limits. 
(iv) ESTABLISHMENT OF A RESPIRATOR PROGRAM 
(a) The employer shall establish a respirator program in accordance 
with the requirements of the American National Standard 
Practices for respiratory Protection, ANSI Z88.2-1969, which is 
incorporated by reference herein. 
(b) See Section 1910.6 concerning the availability of ANSI 288.2-
1969 and the maintenance of an historic file in connection 
therewith. The address of the American National Standards 
Institute is given in Section 1910.100. 
(c) No employee shall be assigned to tasks requiring the use of 
respirators if, based upon his most recent examination, an 
examining physician determines that the employee will be 
unable to function normally wearing a respirator, or that the 
safety or health of the employee or other employees will be 
impaired by his use of the respirator. Such employee shall be 
rotated to another job or given the opportunity to transfer to a 
different position whose duties he is able to perform with the 
same employer, in the same geographical area and with the 
same seniority, status, and rate of pay he had just prior to such 
transfer, if such a different position is available. 
(3) Special Clothing: The employer shall provide, and require the use of, 
special clothing, such as coveralls or similar whole body clothing, head 
coverings, gloves, and foot coverings for any employee exposed to 
airborne concentrations of asbestos fibers, which exceed the ceiling level 
prescribed in paragraph (b) of this section. 
(4) Change rooms: 
(i) At any fixed place of employment exposed to airborne 
concentrations of asbestos fibers in excess of the exposure limits 
prescribed in paragraph (b) of this section, the employer shall 
provide change rooms for employees working regularly at the place. 
(ii) Clothes lockers: The employer shall provide two separate lockers or 
containers for each employee, so separated or isolated as to prevent 
contamination of the employee's street clothes from his work 
clothes. 
(iii) Laundering: 
(a) Laundering of asbestos-contaminated clothing shall be done so 
as to prevent the release of airborne asbestos fibers in excess of 
the exposure limits prescribed in paragraph (b) of this section. 
(b) Any employer who gives asbestos-contaminated clothing to 
another person for laundering shall inform such person of the 
requirement in (a) of this subdivision to effectively prevent the 
release of airborne asbestos fibers in excess of the exposure 
limits prescribed in paragraph (b) of this section. 
(c) Contaminated clothing shall be transported in sealed 
impermeable bags, or other closed, impermeable bags, or other 
closed, impermeable containers, and labeled in accordance with 
paragraph (g) of this section. 
(e) METHOD OF MEASUREMENT 
All determinations of airborne concentrations of asbestos fibers shall be made 
by the membrane filter method at 400-450 x .(magnification) (4 millimeter 
objective) with phase contrast illumination. 
(f) MONITORING 
(1) 	Initial determinations. Within 6 months of the publication of this section, 
every employer shall cause every place of employment where asbestos 
fibers are released to be monitoried in such a way as to determine 
whether every employee's exposure to asbestos fibers is below the limits 
prescribed in paragraph (b) of this section. If the limits are exceeded, the 
employer shall immediately undertake a compliance program in 
accordance with paragraph (c) of this section. 
(2) Personal Monitoring 
(i) Samples shall be collected from within the breathing zone of the 
employees, on membrane filters of 0.8 micrometer porosity mounted 
in an open-face filter holder. Samples shall be taken for the 
determination of the 8-hour, time-weighted average airborne 
concentrations and of the ceiling concentrations of asbestos fibers. 
(ii) Sampling frequency and patterns. After the initial determinations 
required by subparagraph (I) of this paragraph, samples shall be of 
such frequency and pattern as to represent with reasonable accuracy 
the levels of exposure of employees. In no case shall the sampling 
be done at intervals greater than 6 months for employees whose 
exposure to asbestos may reasonably be foreseen to exceed the 
limits prescribed by paragraph (b) of this section. 
(3) Environmental monitoring 
(i) Samples shall be collected from areas of a work environment which 
are representative of the airborne concentrations of asbestos fibers 
which may reach the breathing zone of employees. Samples shall be 
collected on a membrane filter of 0.8 micrometer porosity mounted 
in an open-face filter holder. Samples shall be taken for the 
determination of the 8-hour, time-weighted average airborne 
concentrations and of the ceiling concentrations of asbestos fibers. 
(ii) Sampling frequency and patterns. After the initial determinations 
required by subparagraph (I) of this paragraph, samples shall be of 
such frequency and pattern as to represent with reasonable accuracy 
the levels of exposure of the employees. In no case shall sampling 
be at intervals greater than 6 months for employees whose exposures 
to asbestos may reasonably be foreseen to exceed the exposure 
limits prescribed in paragraph (b) of this section. 
(4) Employee observation of monitoring. Affected employees, or their 
representatives, shall be given a reasonable opportunity to observe any 
monitoring required by this paragraph and shall have access to the records 
thereof. 
(g) CAUTION SIGNS AND LABELS 
(I) Caution Signs 
(i) Posting. Caution signs shall be provided and displayed at each 
location where airborne concentrations of asbestos fibers may be in 
excess of the exposure limits prescribed in paragraph (b) of this 
section. Signs shall be posted at such a distance from such a 
location so that an employee may read the signs and take necessary 
protective steps before entering the area marked by the signs. Signs 
shall be posted at all approaches to areas containing excessive 
concentrations of airborne asbestos fibers. 
(ii) Sign specifications. The warning signs required by subdivision (i) of 
this subparagraph shall conform to the requirements of 20" x 14" 
vertical format signs specified in Section 1910.145(d)(4), and to this 
subdivision. The signs shall display the following legend in the lower 
panel, with letter sizes and styles of a visibility at least equal to 





Avoid Breathing Dust 
Wear Assigned Protective Equipment 
Do Not Remain in Area Unless Your Work 
Requires It 
I" Sans Serif, Gothic or 
Block 





Breathing Asbestos Dust May be Hazardous 	14 Point Gothic 
to Your Health 
Spacing between lines shall be at least equal to the height of the upper of any 
two lines. 
(2) Caution Labels 
(i) 	Labeling. Caution labels shall be affixed to all row materials, 
mixtures, scrap, waste, debris, and other products containing 
asbestos fibers, or to their containers, except that no label is 
required where asbestos fibers have been modified by a bonding 
agent, coating, binder, or other material so that during any 
reasonably foreseeable use, handling, storage, disposal, processing, 
or transportation, no airborne concentrations of asbestos fibers in 
excess of the exposure limits prescribed in paragraph (b) of this 
section will be released. 
(ii) Label specifications. The caution labels required by subdivision (i) 
of this subparagraph shall be printed in letters of sufficient size and 
contrast as to be readily visible and legible. The label shall state: 
CAUTION 
Contains Asbestos Fibers 
Avoid creating Dust 
Breathing Asbestos Dust May Cause 
Serious Bodily Harm 
(h) HOUSEKEEPING 
(I) Cleaning. All external surfaces in any place of employment shall be 
maintained free of accumulations of asbestos fibers if, with their 
dispersion, there would be an excessive concentration. 
(2) 	Waste disposal. 	Asbestos waste, scrap, debris, bags, containers, 
equipment, and asbestos-contaminated clothing, consigned for disposal, 
which may produce in any reasonably foreseeable use, handling, storage, 
processing, disposal or transportation airborne concentrations of asbestos 
fibers in excess of the exposure limits prescribed in paragraph (b) of this 
section shall be collected and disposed of in sealed impermeable bags, or 
other closed, impermeable containers. 
(i) 	Recordkeeping 
(I) Exposure records. Every employer shall maintain records of any 
personal or environmental monitoring required by this section. 
Records shall be maintained for a period of of least 20 years and 
shall be made available upon request to the Assistant Secretary of 
Labor for Occupational Safety and Health, the Director of the 
National Institute for Occupational Safety and Health, and to 
authorized representatives of either. 
(2) Employee access. Every employee and former employee shall have 
reasonable access to any record required to be maintained by 
subparagraph (I) of this paragraph, which indicates the employee's 
own exposure to asbestos fibers. 
(3) Employee notification. Any employee found to have been exposed at 
any time to airborne concentrations of asbestos fibers in excess of 
the limits prescribed in paragraph (b) of this section shall be notified 
in writing of the exposure as soon as practicable but not later than 5 
days of the finding. The employee shall also be timely notified of 
the corrective action being taken. 
(j) MEDICAL EXAMINATIONS 
(I) General. The employer shall provide or make available at his cost, 
medical examinations relative to exposure to asbestos required by this 
paragraph. 
(2) Preplacement. The employer shall provide or make available to each of 
his employees, within 30 calendar days following his first employment in 
an occupation exposed to airborne concentrations of asbestos fibers, a 
comprehensive medical examination, which shall include, as a minimum, a 
chest roentgenogram (posterior-anterior 14 x 17 inches), a history to elicit 
symptomatology of respiratory disease, and pulmonary function tests to 
include forced vital capacity (FVC) and forced expiratory volume at 1 
second (FEV 1.0). 
(3) Annual examinations. On or before January 31, 1973, and at least 
annually thereafter, every employer shall provide, or make available, 
comprehensive medical examinations to each of his employees engaged in 
occupations exposed to airborne concentrations of asbestos fibers. Such 
annual examination shall include, as a minimum, a chest roentgenogram 
(posterior-anterior 14 x 17 inches), history to elicit symptomatology of 
respiratory disease, and pulmonary function tests to include forced vital 
capacity (FVC) and forced expiratory volume at I second (FEV 1.0). 
(4) Termination of employment. The employer shall provide, or make 
available, within 30 calendar days before or after the termination of 
employment of any employee engaged in an occupation exposed to 
airborne concentrations of asbestos fibers, a comprehensive medical 
examination which shall include, as a minimum, a chest roentgenogram 
(posterior-anterior 14 x 17 inches), a history to elicit symptomatology of 
respiratory disease, and pulmonary function tests to include forced vital 
capacity (FVC) and forced expiratory volume at I second (FEV 1.0). 
(5) Recent examinations. 	No medical examination is required of any 
employee, if adequate records show that the employee has been examined 
in accordance with this paragraph within the past 1-year period. 
(6) Medical records. 
(I) 	Maintenance. Employers of employees examined pursuant to this 
paragraph shall cause to be maintained complete and accurate 
records of all such medical examinations. Records shall be retained 
by employers for at least 20 years. 
(ii) Access. Records of the medical examinations required by this 
paragraph shall be provided upon request to employees, designated 
representatives, and the Assistant Secretary in accordance with 29 
CFR 1 9 1 0.20(a)-(e) and (g) -(i). These records shall also be provided 
upon- the request to the Director of NIOSH. Any physician who 
conducts a medical examination required by this paragraph shall 
furnish to the employer of the examined employee all the 
information specifically required by this paragraph, and any other 
medical information related to occupational exposure to asbestos 
fibers. 
alspose0 of. 
measured in kg/day. 
(3) The emission control methods 
used in all stages of waste disposal. 
(4) The type of disposal site or incin-
eration site used for ultimate disposal. 
the name of the site operator, and the 
name and location of the disposal site. 
(d) For sources subject to 1 61.22(1): 
(1) A brief description of the site. 
(2) The method or methods used to 
comply with the standard, or alterna-
tive procedures to be used. 
(e) Such information shall accompa-
ny the information required by # 61.10. 
The information described in this sec-
tion shall be reported using the 
format of Appendix A of this part. 
(Sec. 114. Clean Air Act as amended (42 
U.S.C. 7414)) 
138 FR 8826. Apr. 6. 1973. as amended at 40 
FR 48302. Oct. 14. 1975: 43 FR 8800. Mar. 3. 
19781 
f 61.25 Waste disposal sites. 
In order to be an acceptable site for 
disposal of asbestos-containing waste 
material under g 61.22(j) and (k). an 
active waste disposal site shall meet 
the requirements of this section. 
(a) There shall be no visible emis-
sions to the outside air from any 
active waste disposal site where asbes-
tos-containing waste material has been 
deposited, except as provided in para-
graph (e) of this section. 
(b) Warning signs shall be displayed 
at all entrances. and along the proper-
ty line of the site or along the perim-
eter of the sections of the site where 
asbestos-containing waste material is 
deposited. at intervals of 100 m (ca. 
330 ft) or less except as specified In 
paragraph (d) of this section. Signs 
shall be posted in such a manner and 
location that a person, may easily read 
the legend. The warning signs re-
quired by this paragraph shall con-
form to the requirements of 20' 	14 • 
upright format signs specified in 29. 
CFR 1910.145(d)(4) and this para-
graph. The signs shall display the fol-
lowing legend in the lower panel. with h 
letter sizes and styles of a visibility at 
Assr.sros WASTE DISPOSAL Silt 
Do Not Create Dust 
Breathing Asbestos Is Hazardous to Your 
Health 
Notation 
1" Sans Serif. Gothic or Block 
34" Sans Serif. Gothic or Block 
14 Point Gothic 
Spacing between lines shall be at least 
equal to the height of the upper of the 
two lines. 
(c) The perimeter of the disposal site 
shall be fenced in order to adequately 
deter access to the general public 
except as specified in paragraph (d) of 
this section. 
(d) Warning signs and fencing are 
not required where the requirements 
of paragraph (e)(1) of this section are 
met. or where a natural barrier ade-
quately deters access to the general 
public. Upon request and supply of ap-
propriate information, the Administra-
tor will determine whether a fence or 
a natural barrier adequately deters 
access to the general public. 
(e) Rather than meet the require-
ment of paragraph (a) of this section. 
an owner or operator may elect to 
meet the requirements of paragraph 
(e)(1) or (e)(2) of this section. or may 
use an alternative control method for 
emissions from active waste disposal 
sites which has received prior approval 
by the Administrator. 
(1) At the end of each operating daY. 
or at least once every 24-hour period 
while the site Is in continuous Wei' 
anon, the asbestos-containing you' 
material which was deposited at the 
site during the operating day or Pre"' 
ous 24-hour period shall be covered 
with at least 15 centimeters (ca. 6 
inches) of compacted non-asbestos -
containing material. 
(2) At the end of each operating day. 
or at least once every 24-hour Period 
while the disposal site Is in continuous 
 operation. 	the asbestos-contain int 
 waste material which was deposited at 
the site during the operating daY Of 
 previous 24-hour period shall be co-
ererl with a resinous or petroleUM •  
by the dust suppression agent manu-
facturer. Other equally effective dust 
suppression agents may be used upon 
;nor approval by the Administrator. 
For purposes of this paragraph. waste 
crankcase oil Is not considered a dust 
oppression agent. 
110 FR 48302. Oct. 14, 19751 
Subpart C—National Emission 
Standard for Beryllium 
111.30 Applicability. 
The provisions of this subpart are 
applicable to the following stationary 
'corm: 
is) Extraction plans, ceramic plants, 
foundries. incinerators. and propellant 
plants which process beryllium ore, be-
ryllium, beryllium oxide. beryllium 
alloys. or beryllium-containing waste. 
Machine shops which process be-
ryllium, beryllium oxides, or any alloy 
when such alloy contains more than 5 
percent beryllium by weight. 
311.31 Definitions. 
Terms used In this subpart are de-
fined in the act, in subpart A of this 
Part, or in this section as follows: 
tap "Beryllium" means the element -
krYilium. Where weights or concen-
trations are specified, such weights or 
nxicentrations apply to beryllium 
only, excluding the weight or concen-
tration of any associated elements. 
tbi "Extraction plant" means a fa-
litY chemically processing beryllium 
art to beryllium metal. alloy, or oxide. 
Or Performing any of the Intermediate 
Otos in these processes. 
to "Beryllium ore" means any natti• 
Maly occurring material mined or 
fathered for its beryllium content. 
ids "Machine shop" means a facility 
rforming cutting. grinding, turning, 
-.°ning. 	 debarring. lapping. 
tiectrochernical machining, etching, or 
other similar operations. 
rt) "Ceramic plant" means a manu-
facturing plant producing 
farylitiejudminmiella! 	
ceramic items. 
If) "Foundry" ins-an:,a fat - lir:. t-n- 
metal o r t. i alloy. 
r cast in2 of be- 
u.co or generated during any process 
or operation performed by a source 
subject to this subpart. 
(h) "Incinerator" means any furnace 
used in the process of burning waste 
for the primary purpose of reducing 
the volume of the waste by removing 
Combustible matter. 
(i) "Propellant" means a fuel and cm-
Idizer physically or chemically com-
bined which undergoes combustion to 
provide rocket propulsion. 
(j) "Beryllium alloy" means any 
metal to which beryllium has been 
added In order to increase its berylli-
um content and which contains more 
than 0,1 percent beryllium by weight. 
(k) "Propellant plant" means any fa-
cility engaged in the mixing, casting. 
or machining of propellant. 
§ 61.32 Emission !Standard. 
(a) Emissions to the atmosphere 
from stationary sources subject to the 
provisions of this subpart shall not 
exceed 10 grams of beryllium over a 
24-hour period. except as provided In 
paragraph (b) of this section. 
(b) Rather than meet the require-
ment of paragraph (a) of this section, 
an owner or operator may request ap-
proval from the Administrator to meet 
an ambient concentration limit on be-
ryllium in the vicinity of the station-
ary source of 0.01 pg/m 3. averaged 
over a 30-day period. 
(1) Approve! of such requests may be 
granted by the Administrator provided 
that: 
(i) At least 3 years of data is availa-
bie which in the judgment of the Ad-
ministrator demonstrates that the 
future ambient concentrations of be-
ryllium in the vicinity of the station-
ary source will not exceed 0.01 'WM', 
averaged over a 30-day period. Such 3-
year period shall be the 3 years ending 
30 days before the effective date of 
this standard. 
(ii) The owner or operator requests 
such approval in writing within 30 
days after the effective date of this 
standard 
(Hi) V 	vr,er or operator submits a 
report t• ...e Administrator within 45 





(Sec. 114. Clean Alr Act as amended (42 
US C. 74E4» 
(33 FR 8826. Apr. 6. 1973. as amended at 40 
FR 48299. Oct. 14. 1975: 43 FR 8800. Mar. 3. 
1978) 
141.15 Availability of information. 
The availability to the public of in-
formation provided to. or otherwise 
obtained by. the Administrator under 
this part shall be governed by Part 2 
of this chapter. 
(Sec. 114. Clean Air Act as amended (42 
7414)) 
(41 FR 16918. Sept. 1. 1976. as amended at 
43 FR 8800. Mar. 3. 19781 
§ 61.16 State authority. 
(a) The provisions of this part shall 
not be construed in any manner to 
preclude any State or political subdivi-
sion thereof from: 
(1) Adopting and enforcing any emis-
sion limiting regulation applicable to a 
stationary source. provided that such 
emission limiting regulation is not less 
stringent than the standards pre-
scribed under this part. 
(2) Requiring the owner or operator 
of a stationary source, other than a 
stationary source owned or operated 
by the United States, to obtain per-
mits. licenses, or approvals prior to ini-
tiating construction, modification, or 
operation of such source. 
(Sec. 116. Clean Air Act as amended (42 
1).S.C.741611 
(38 FR 8825. Apr. 6. 1973. as amended at 43 
FR 8800. Mar. 3. 19781 
§ 41.17 Circumvention. 
No owner or operator subject to the 
provisions of this part shall build. 
erect, install, or ust any article ma-
chine, equipment. profess. or method. 
the use of which conceals an emission 
which would otherwise constitute a 
violation of an applicable standard. 
Such concealment includes. bitt is not 
limited to. the use of gaseous dilut ants 
to achieve compliance with a visible 
emissions standard, and the piecemeal 
carrying out of an operation to ?wit!  
( 40 FR 48299. Oct. 14. 1975) 
Subpart 15-National Emission 
. Standard for Asbestos 
§ 61.20 Applicability. 
The provisions of this subpart are 
applicable to those sources specified In 
§ 61.22. 
§ 4121 Definitions. 
Terms used in this subpart are de. 
fined in the act, In Subpart A of this 
part, or in this section as follows: 
(a) "Asbestos" means actinolite, 
amosite, anthophyllite, chrysotile, cro-
cidolite. tremolite. 
(b) "Asbestos material" means asbes-
tos or any material containing asbes-
tos. 
(c) "Particulate asbestos material" 
means finely divided particles of asbes-
tos material. 
(d) "Asbestos tailings" means nny 
solid waste product of asbestos mining 
or milling operations which contains 
asbestos. 
(e) "Outside air" means the air out-
side buildings and structures. 
(f) "Visible emissions" means any-
emissions which are visually detect-
able without the aid of instruments 
and which contain particulate asbestos 
material. 
(g) "Asbestos mill" means any facili-
ty engaged in the conversion of any in-
termediate step in the conversion of 
asbestos or into commercial asbestos. 
Outside storage of asbestos materials 
is not considered a part of such facili-
ty. 
(h) "Commercial asbestos" means 
any variety of asbestos which is pro-
duced by extracting asbestos from as-
bestos ore. 
(i) "Manufacturing" means the corn 
bining of commercial asbestos. or in 
the case of woven friction products 
the combining of textiles containing 
commercial asbestos, with any other 
material(s), including commercial 3-5 ' 
best os. and the processing of this com-
bination into a product as specified to 
§ 61.22(ci. 
(if "Dtrnolition" means the wrecking 
or taking out of any load - supportitu t 
r name asbestos material" 
means any material that contains 
more than 1 percent asbestos by 
weight and that can be crumbled, put-
terized, or reduced to powder, when 
dry. by hand pressure. 
(I) "Control device asbestos waste" 
means any asbestos-containing waste 
material that is collected in a pollu-
tion control device, 
(m) "Renovation" means the remov-
ing or stripping of friable asbestos ma-
terial used on any pipe, duct, boiler, 
tank, reactor, turbine, furnace, or 
structural member, Operations In 
which 	load-supporting 	structural 
members are wrecked or taken out are 
excluded. 
(n) - Planned renovation" means a 
renovation operation, or a number of 
such operations, in which the amount 
of friable asbestos material that will 
be removed or stripped within a elven 
period of time can be predicted. Oper-
ations that are individually non-sched-
uled are included, provided a number 
of such operations can be predicted to 
occur during a given period of time 
based on operating experience. 
to) "Emergency renovation" means a 
renovation operation that results from 
&sudden, unexpected event, and Is not 
a planned renovation. Operations ne-
cessitated by non-routine failures of 
equipment are included. 
(D) "Adequately wetted" means suf-
ficiently mixed or coated with water 
or an aqueous solution to prevent dust 
emissions. 
(n) "Removing" means taking out 
friable asbestos materials used on any 
Pipe. duct, boiler, tank, reactor, tur-
bine, furnace, or structural member 
from any building, structure, facility, 
Or installation. 
(r) "Stripping" means taking off fri-
able asbestos materials from any pipe, 
duct. boiler, tank, reactor, turbine, fur-
nace, or structural member. 
(s) - Fabricating" means any process-
ing of a manufactured product con-
taining commercial asbestos, with the 
exception of processing at temporary 
sites for the construction or restora-
tion of buildings, structures, facilities 
or installations. 
_ - 	 it5Ur51.CP3.1.:Vil• 
taming waste material will not be de-
posited and where the surface is not 
disturbed by vehicular traffic. 
(u) "Active waste disposal site" 
means any disposal site other than an 
inactive site. 
(v) "Roadways** means surfaces on 
which motor vehicles travel including, 
but not limited to. highways, roads, 
streets, parking areas, and driveways. 
(w) "Asbestos-containing waste ma-
terial" means any waste which con-
tains commercial asbestos and is gen-
erated by a source subject to the provi-
sions of this subpart. Including asbes-
tos mill tailings, control device asbes-
tos waste, friable asbestos waste mate-
rial, and bags or containers that previ-
ously contained commercial asbestos. 
(x) "Structural member" means any 
load-supporting member. such as 
beams and load-supporting walls: or 
any non-load-supporting member, 
such as ceilings and non-load-support-
ing walls. 
138 FR 8828, Apr. 6. 1973, as amended at 39 
15398. May 3. 1974: 40 FR 48299. Oct. 14. 
1975: 42 FR 12127. Mar. 2. 1977: 43 FR 
26373. June 19. 1978) 
161.22 Emission standard. 
(a) Asbestos mills: There shall be no 
visible emissions to the outside air 
from any asbestos mill except as pro-
vided In paragraph (1) of this section. 
(b) Roadways: The surfacing of 
roadways with asbestos tailings or 
with asbestos-containing waste that Is 
generated by any source subject to 
paragraphs (c), (d), (e) or (hi of this 
section is prohibited, except for tem-
porary roadways on an area of asbes-
tos ore deposits. The deposition of as-
bestos tailings or asbestos-containing 
waste on roadways covered with snow 
or ice is considered -surfacing." 
(c) Manufacturing: There shall be no 
visible emissions to the outside air. 
except as provided In paragraph f f) of 
this section, from any of the following 
operations if they use commercial as-
bestos or from any building or struc-
ture In which such operations are con-
ducted. 
(1) The manufacture of cloth, cord, 
wicks. tubing, tape, twine, rope. 
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( 5) The manufacture of paper. mill-
board. and felt. 
(6) The manufacture of floor tile. 
(7) The manufacture of paints, coat-
ings. caulks. adhesives. sealants. 
(8) The manufacture of plastics and 
rubber materials. 
(9) The manufacture of chlorine. 
(10) The manufacture of shotgun 
shells. 
(11) The manufacture of asphalt 
concrete. 
(d) Demolition and renovation: The 
requirements of this paragraph shall 
apply to any owner or operator of a 
demolition or renovation operation 
who intends to demolish any institu• 
tional, commercial, or industrial build-
ing (including apartment buildings 
having more than four dwelling units), 
structure, facility. installation. or por-
tion thereof, which contains any pipe. 
duct, boiler, tank. reactor. turbine, fur-
nace, or structural member that is cov-
ered or coated with friable asbestos 
material, except as provided in para-
graph (d)(1) of this section: or who in-
tends to renovate any institutional. 
commercial, or industrial building, 
structure, facility. Installation, or por-
tion thereof where more than 80 
meters (ca. 260 feet) of pipe covered or 
coated with friable asbestos material 
are stripped or removed, or more than 
15 square meters (ca. 160 square feet) 
of friable asbestos material used to 
cover or coat any duct, boiler, tank, re-
actor, turbine, furnace, or structural 
member arc stripped or removed. 
(1)( i) The owner or operator of a 
demolition operation is exempted from 
the requirements of this paragraph: 
Provided. (A) the amount of friable as-
bestos material in the building or por• 
tion thereof to be demolished is less 
than 80 meters (ca. 269 feet) used to 
insulate pipes, and less than 15 square 
meters (ca. 160 square feet) used to in-
sulate or fireproof any duet, boiler, 
tank, reactor, turbine, furnace. or 
structural member, and (R) the notifi-
cation requirements of paragraph 
(doti(ii) are met. 
tms section, w1-1.11 
the exception of the information re. 
quired by paragraphs (d)(2)(iii). (vi), 
(vii), (viii), and (ix). and shall state the 
measured or estimated amount of ft!. 
able asbestos materials which is pres. 
ent. Techniques of estimation shall be 
explained. 
(2) Written notice of intention to de-
molish or renovate shall be provided 
to the Administrator by the owner or 
operator of the demolition or renova-
tion operation. Such notice shall be 
Postmarked or delivered to the Admin-
istrator at least 10 days prior to com-
mencement of demolition, or as early 
as possible prior to commencement of 
emergency demolition subject to para-
graph (d)(6) of this section, and as 
early as possible prior to commence. 
ment of renovation. Such notice shall 
Include the following information: 
(i) Name of owner or operator, 
(ill Address of owner or operator. 
MD Description of the building. 
structure, facility, or installation to be 
demolished or renovated. including 
the size, age, and prior use of the 
structure, and the approximate 
amount of friable asbestos materials 
present. 
(iv) Address or location of the build-
ing, structure, facility, or installation. 
(v) Scheduled starting and comple-
tion dates of demolition or renovation. 
(vi) Nature of planned demolition or 
renovation and method(s) to be em-
ployed. 
(vii) Procedures to be employed to 
meet the requirements of this para-
graph and paragraph (j) of this sec-
tion. 
(viii) The name and address or loca-
tion of the waste disposal site where 
the friable asbestos waste will be de-
posited. 
(ix) Name, title, and authority of the 
State or local governmental repre-
sentative who has ordered a demoli-
tion which is subject to paragraph 
(d)e6, of this sect ion. 
(3)(i) For purposes of determining 
whether a planned renovating oper-
ation constitutes a renovation within 
the Meaning of this paragraph, the  
illions, tile additive 
,mount of friable asbestos material 
Nat can be predicted will be removed 
ar stripped at a source over the maxi-
mum period of time for which a pre-
alction can be made. The period shall 
x not less than 30 days and not 
longer than one year. 
(13) For each planned renovating op-
eration not covered by paragraph 
(dX3)(i)(A), the total amount of fri-
able asbestos material that can be pre-
iieted will be removed or stripped at a 
source. 
(ii) For purposes of determining 
thether an emergency renovating op-
eration constitutes a renovation within 
the meaning of this paragraph, the 
amount of friable asbestos material to 
be removed or stripped shall be the 
total amount of friable asbestos mate-
nal that will be removed or stripped as 
a result of the sudden. unexpected 
event that necessitated the renova-
tion. 
(4) The following procedures shall 
be used to prevent emissions of partic-
ulate asbestos material to outside air: 
(i) Friable asbestos materials, used 
on any pipe. duct, boiler, tank, reactor, 
turbine, 	furnace, 	or 	structural 
member, shall be removed from any 
building, structure, facility or installa-
tion subject to this paragraph. Such 
removal shall occur before wrecking or 
dismantling of any portion of such 
building, structure, facility, or installa-
tion that would break tip the friable 
asbestos materials and before wreck-
mg or dismantling of any other por-
tion of such building, structure, facili-
ty. or installation that would preclude 
access to such materials for subse-
quent removal. Removal of friable as-
bestos materials used on any pipe, 
duct, or structural member which are 
encased in concrete or other similar 
structural material is not required 
Prior to demolition, but such material 
shall be adequately wetted whenever 
exposed during oemolition. 
(ii) Friable asbestos materials used 
on pipes, ducts, boilers. tanks, reac-
tors, turbines, furnaces, or structural 
Members shall be adequately wetted 
during stripping, except as provided in  
members that are covered or coated 
with friable asbestos materials may be 
taken out of any building. structure. 
facility, or installation subject to this 
paragraph as units or in sections pro-
vided the friable asbestos materials ex-
posed during cutting or disjointing are 
adequately wetted during the cutting 
or disjointing operation. Such units 
shall not be dropped or thrown to the 
ground. but shall be carefully lowered 
to ground level. 
(iv) The stripping of friable asbestos 
materials used on any pipe, duct. 
boiler, tank, reactor, turbine, furnace. 
or structural member that has been 
removed as a unit or in sections as pro-
vided In paragraph (d)(4)(iii) of this 
section shall be performed In accord-
ance with paragraph (d)(4)(II) of this 
section. Rather than Comply with the 
wetting requirement. a local exhaust 
ventilation and collection system may 
be used to prevent emissions to the 
outside air. Such local exhaust ventila-
tion systems shall be designed and op-
erated to capture the asbestos particu-
late matter produced by the stripping 
of friable asbestos material. There 
shall be no visible emissions to the 
outside air from such local exhaust 
ventilation and collection systems 
except as provided In paragraph (f) of 
this section. 
(v) All friable asbestos materials 
that have been removed or stripped 
shall be adequately wetted to ensure 
that such materials remain wet during 
all remaining stages of demolition or 
renovation and related handling oper-
ations. Such materials shall not be 
dropped or thrown to the ground or a 
lower floor. Such materials that have 
been removed or stripped more than 
50 feet above ground level, except 
those materials removed as units or In 
sections, shall be transported to the 
ground via dust-tight chutes or con-
tainers. 
(vi) Except as specified below, the 
wetting requirements of this para-
graph are suspended when the tem-
perature at the point of wetting is 
below 0•C (32'F). When friable asbes-
tos materials ,are not wetted due to 
freezing temperatures, such materials 
2C -1 295 40-101 0-741 -21:1 
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extent possioie, be removed as units of 
in sections prior to wrecking. In no 
case shall the requirements of para-
graphs (d)(4)(iv) or (d)(4)(v) be sus-
pended due to freezing temperatures, 
(vii) For renovation operations, local 
exhaust ventilation and collection sys-
tems may be used. Instead of wetting 
as specified in paragraph (d)(4)(ii), to 
prevent emissions of particulate asbes-
tos material to outside air when 
damage to equipment resulting from 
the wetting would be unavoidable. 
Upon request and supply of adequate 
information, the Administrator will 
determine whether damage to equip-
ment resulting from wetting to comply -
with the provisions of this paragraph 
would be unavoidable. Such local ex-
haust ventilation systems shall be de-
signed and operated to capture the as-
bestos particulate matter produced by 
the stripping and removal of friable 
asbestos material. There shall be no 
visible emissions to the outside air 
from such local exhaust ventilation 
and collection systems. except as pro-
vided in paragraph (1) of this section. 
(5) Sources subject to this paragraph 
are exempt from the requirements of 
14 61.05(a), 61.07, and 61.09. 
(6) The demolition of a building, 
structure, facility, or installation, pur-
suant to an order of an authorized rep-
resentative of a State or local govern-
mental agency, issued because that 
building is structurally unsound and in 
danger of imminent collapse is exempt 
from all but the following require-
ments of paragraph (d) of this section: 
(I) The notification requirements 
specified by paragraph (d)(2) of this 
section; 
(II) The requirements on stripping of 
friable asbestos materials from previ-
ously removed units or sections as 
specified in paragraph (d)(4)(n) of 
this section: 
(iii) The wetting, as specified by 
paragraph (d)(4)(v) of this section. of 
friable asbestos materials that have 
been removed or stripped: 
(iv) The portion of the structure 
being demolished that contains friable 
asbestos materials shall be adequately . 
 wetted during the wrecking operation. 
Containing more than 1 percent asbcii. 
tos. on a dry weight basis, used on 
equipment and machinery, except as 
provided in paragraph (f) of this see. 
hon.' Materials sprayed on buildings, 
structures. pipes, and conduits shall 
contain less than 1 percent asbestos on 
a dry weight basis. 
(1) Sources subject to this paragraph 
are exempt from the requirements of 
§ 61.05(a). § 61.07, and § 61.09. 
(2) Any owner or operator who in. 
tends to spray asbestos materials 
which contain more than 1 percent as-
bestos on a dry weight basis to insu• 
late or fireproof equipment and ma-
chinery shall report such intention to 
the Administrator at least 20 days 
prior to the commencement of the 
spraying operation. Such report shall 
include the following information: 
(I) Name of owner or operator. 
(ii) Address of owner or operator. 
(iii) Location of spraying operation. 
(iv) Procedures to be followed to 
meet the requirements of this para-
graph. 
(3) The spray-on application of ma. 
terials in which the asbestos fibers an 
encapsulated with a bituminous or re-
sinous binder during spraying and 
which are not friable after drying Is 
exempted from the requirements of 
paragraphs (e) and (e)(2) of this see. 
tion. 
(f) Rather than meet the no-visible-
emission requirements as specified by 
paragraphs (a). (c). (d). (e). (h). (P. 
and ( k ) of this section. an owner or ore 
erator may elect to use the methods 
specified by § 61.23 to clean emissions 
containing particulate asbestos mated-
al before such emissions escape to, or 
are vented to. the outside air, 
(g) Where the presence of uncoils-
bineci water is the sole reason for fail-
ure to meet the no-visible-emission re-
quirement. of paragraphs (a). (c). (d). 
(e), (h), (J). or (k) of this section, such 
failure shall not be a violation of such 
emission requirements. 
( h ) Fabricating: There shall be no 
visible emissions to the outside air. 
except as provided in paragraph a of 
this section. from any of the following 
operations if they use commercial as•  
ducted. 
ti) The fabrication of cement build-
gig products. 
(2) The fabrication of friction prod-
ucts. except those operations that pri-
marily install asbestos friction materi-
als on motor vehicles. 
(3) The fabrication of cement or sill-
cite board for ventilation hoods; 
peens; electrical panels; laboratory 
furniture; bulkheads, partitions and 
vanes for marine construction: and 
now control devices for the molten 
petal industry. 
(I) Insulating: Molded insulating ma-
terials which are friable and wet-ap-
plied insulating materials which are 
friable after drying, Installed after the 
effective date of these regulations, 
shall contain no commercial asbestos. 
The provisions of this paragraph do 
not apply to insulating materials 
which are spray applied: such rnaterl-
LIS are regulated under § 61.22(e). 
(J) Waste disposal for manufactur-
tug, fabricating, demolition, renova-
tion and spraying operations: The 
owner or operator of any source cov-
ered under the provisions of para-
graphs (c), (d), (e), or (h) of this sec-
tion shall meet the following stand-
srds: 
(1) There shall be no visible emis-
sions to the outside air, except as pro-
sided in paragraph (J)(3) of this sec-
lion, during the collection; processing. 
Including incineration; packaging; 
Iransoorting; or deposition of any as-
bestos-containing waste material 
which is generated by such source. 
(2) All asbestos-containing waste ma-
terial shall be deposited at waste dis-
posal sites which are operated in ac-
cordance with the provisions of 4  61.25. 
(3) Rather than meet the require-
ment of paragraph (j)(1) of this sec-
tion, an owner or operator may elect 
to use either of the disposal methods 
specified under (p(3) (I) and (II) of this 
section, or an alternative disposal 
method which has received prior ap-
proval by the Administrator: 
(I) Treatment of asbestos containing 
waste material with water: 
(A) Control device asbestos waste 
shall be thoroughly mixed with water  
quately wetted. There shail be rib Visi-
ble emissions to the outside air from 
the collection, mixing and wetting op-
erations, except as provided in para-
graph (f) of this section. 
(B) After wetting, all asbestos -con-
tattling waste material shall be sealed 
into leak-tight containers while wet, 
and such containers shall be deposited 
at waste disposal sites which are oper-
ated in accordance with the provisions 
of I 61.25. 
(C) The containers specified under . 
paragraph (j)(3)(1)(3) of this section 




Avoid Opening or 
Breaking Container 
Breathing Asbestos Is Hazardous 
to Your Health 
Alternatively, warning labels specified 
by Occupational Safety and Health 
Standards of the Department of 
Labor, Occupational Safety and 
Health Administration (OSHA) under 
29 CFR 1910.93a(g)(2)(ii) may be used. 
(ii) Processing of asbestos-containing 
waste material into non-friable forms: 
(A) All asbestos-containing waste 
material shall be formed into non-fri-
able pellets or other shapes and depos-
ited at waste disposal sites which are 
operated in accordance with the provi-
sions of § 61.25. 
(B) There shall be no visible emis-
sions to the outside air from the col-
lection and processing of asbestos-con-
taining waste material, except as speci-
fied in paragraph (f) of this section. 
(4) For the purposes of this para. 
graph (j), the term all asbestos-con-
taining waste material as applied to 
demolition and renovation operations 
covered by paragraph (d) of this sec-
tion includes only friable asbestos 
waste and control device asbestos 
w aste. 
(k) ‘vaste disposal for asbestos mills: 
The owner or operator of any source 
covered under the provisions of para. 
Dui we the collection, processing. 
packaging, transporting or deposition 
of any asbestos-containing waste mate-
rial which is generated by such source. 
(2) All asbestos-containing waste ma-
terial shall be deposited at waste dis-
posal sites which are operated in ac-
cordance with the provisions of § 61.25. 
(3) Rather than meet the require-
ment of paragraph (k)(1) of this sec-
tion. an owner or operator may elect 
to meet the following requirements in 
paragraphs (k)(3) (I) and (il), or use an 
alternative disposal method which has 
received prior approval by the Admin-
istrator: 
(i) There shall be no visible emis- 
sions to the outside air from the trans- 
fer of control device asbestos waste to 
the tailings conveyor, except as pro-
' vided In paragraph (f) of this section. 
Such waste shall be subsequently 
processed either as specified in para-
graph (kX3)(ii) of this section or as 
specified in paragraph (j)(3) of this 
section. 
(ii) All asbestos-containing waste ma-
terial shall be adequately mixed, with 
a wetting agent recommended by the 
manufacturer of the agent to effec-
tively wet dust and tailings, prior to 
deposition at a waste disposal site. 
Such agent shall be used as recom-
mended for the particular dust by the 
manufacturer of the agent. There 
shall be no discharge of visible emis-
sions to the outside air from the wet-
ting operation except as specified in 
paragraph (f) of this section. Wetting 
may be suspended when the ambient 
temperature at the waste disposal site 
Is less than —9.5' C (ca. 15 F'). The 
ambient air temperature shall be de- 
termined by an appropriate measure- 
ment method with an accuracy of a-1' 
C ( =2 -  Fl and recorded at least at 
hourly Intervals during the period 
that the operation of ' the wetting 
system is suspended. Records of such 
temperature measurements shall be 
retained at the source for a minimum 11, 
1:of 2 years and made available for in-
spection by the Administrator. 
(I) The owner of any inactive waste 
dispo.;a1 site. which w as operated by  
bLa.noarcts: 
(1) There shall be no visible ems. 
slons to the outside air from an lnae. 
Live waste disposal site subject to this 
paragraph. except as provided In para-
graph (1)(5) of this section. 
(2) Warning signs shall be displayed 
at all entrances, and along the proper-
ty line of the site or along the perim. 
eter of the sections of the site where 
asbestos-containing waste material was 
deposited, at intervals of 100 m (ca. 
330 ft) or less, except as specified In 
paragraph (l)(4) of this section. Signs 
shall be posted in such a manner and 
location that a person may easily read 
the legend. The warning signs re-
(mired by this paragraph shall con-
form to the requirements of 20" x 14" 
upright format signs specified in 29 
CFR 1910.145(d)(4) and this para-
graph. The signs shall display the fol-
lowing legend in the lower panel, with 
letter sizes and styles of a visibility at 
least equal to those specified In this 
paragraph. 
Exc.:Eno 
ASBESTOS WASTE thsrosat. SITE 
Do NOT CREATE MST 
Breathing Asbestos Is Hazardous to Your 
Health 
Notation 
1" Sans Serif. Gothic or Block 
'V' Sans Serif. Gothic or Block 
14 Point Gothic 
Spacing between lines shall be at least 
equal to the height of the upper of the 
two lines. 
(3) The perimeter of the site shall be 
access by the general public, except as 
fenced in a manner adequate to deter 
specified in paragraph (I)(4) of this 
section. 
(4) Warning signs and fencing are 
not required where the requirements 
of paragraphs (I)(5) (i) or (ii) of this 
section are met, or where a natural 
barrier adequately deters access by the 
general public. Upon request and 
supply of appropriate information. the 
Administrator will determine whether 
a 	I I 1J1 1.111:3 Set: • 
,jott an owner may elect to meet the 
souirements of this paragraph or 
go use an alternative control method 
:or emissions from inactive waste dis-
pal sites which has received prior 
approval by the-Administrator. 
The asbestos-containing waste 
oaterial shall be covered with at least 
IS centimeters (ca. 6 inches) of com-
peted non-asbestos-containing mate• 
rill, and a cover of vegetation shall be 
crown and maintained on the area 
alequate to prevent exposure of the 
asbestos -containing waste material: or 
(Id The asbestos-containing waste 
aoterial shall be covered with at least 
10 centimeters (ca. 2 feet) of compact-
ed non-asbestos-containing material 
Ind maintained to prevent exposure of 
the asbestos-containing waste: or 
Wit For inactive waste disposal sites 
for asbestos tailings, a resinous or pe-
uoleum-based dust suppression agent 
which effectively binds dust and con-
trols wind erosion shall be applied. 
Such agent shall be used as recom-
mended for the particular asbestos 
tailings by the dust suppression agent 
manufacturer. Other equally effective 
dust suppression agents may be used 
non prior approval by the Adminis-
trator. For purposes of this paragraph, 
waste crankcase oil is not considered a 
dust suppression agent. 
III FR 8826. Apr, 6. 1973. as amended at 39 
FR 15398. May 3. 1974: 40 FR 48299. Oct. 14. 
1915:41 FR 26374. June 19. 19781 
111.23 Air-cleaning. 
If air-cleaning Is elected, as permit- 
led 
met, 
4; 61.22(f) and 61.22(d)(4)(iv). 
the requirements of this section must 
be 
(a) Fabric filter collection devices 
must be used. except as noted in para-
traphs (b) and (c) of this section. Such 
devices must be operated at a pressure 
drop of no more than 4 inches water 
nee, as measured across the filter 
fabric. The airflow permeability, as de-
(ermined by ASTM method D73'1-69. 
must not exceed 30 it Viiiinift , for 
woven fabrics or 35 ft Yminift , for 
felted fabrics, except that 40 It '/mini 
It) for woven and 45 It ','min/ft for 
felted fabrics is allowed for filtering 
least 	one-sixteenth 	inch 	thick 
throughout. Synthetic fabrics MUM 
not contain fill yarn other than that 
Which is spun. 
(b) If the use of fabric filters creates 
a fire or explosion ,hazard. the admin-
istrator may authorize the use of wet 
Collectors designed to operate with a 
Unit contacting energy of at least 40 
Inches water gage pressure. 
(c) The administrator may authorize 
the use of filtering equipment other 
than that described in paragraphs (a) 
and (b) of this section if the owner or 
operator demonstrates to the satisfac• 
tion of the administrator that the fil-
tering of particulate asbestos material 
Is equivalent to that of the described 
equipment. 
(d) All air-cleaning equipment au-
thorized by this section must be prop-
erly installed, used, operated, and 
maintained. Bypass devices may be 
used only during upset or emergency 
conditions and then only for so long as 
It takes to shut down the operation 
generating the particulate asbestos 
material. 
138 FR 8826. Apr.t. 1973, as amended at 40 
FR 48302. Oct. 14, 19751 
61.21 Reporting. 
The owner or operator of any exist. 
'rig source to which this subpart is ap-
plicable shall, within 90 days after the 
effective date, provide the following 
information to the administrator. 
(a) A description of the emission 
control equipment used for each proc-
ess: 
(b) If a fabric filter device is used to 
control emissions, the pressure drop 
across the fabric filter in inches water 
gage. 
(1) If the fabric filter device utilizes 
a woven fabric, the airflow permeabil-
ity in ft'/min/ft' and. If the fabric is 
synthetic, indicate whether the fill 
yarn Is spun or not spun. 
(2) If the fabric filter device utilizes 
a felted fabric, the density in ozlyd ,. 
the minimum thickness in inches. and 
the airflow permeability In ft ./min/ 
ft". 
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Georgia Institute of Technology 
A Unit of the University System of Georgia 
Atlanta, Georgia 30332 
August 20, 1982 
Mr. J. W. Simpson 
Gemco Construction Company 
P. O. Box 187 
Trilby, Florida 33593 
Subject: 	Report on Fulton County Schools Asbestos Abatement Projects 
Dear Wayne: 
Enclosed are two copies of the report on the air sampling performed in 
conjunction with your recent project with the Fulton County School system in 
Altanta, Georgia. Per your request, a copy will be sent to Mr. Joseph Shilling of 
the Fulton County School system unless directed otherwise. 
It was a pleasure to work with you, Mr. Robert Walker and Gemco 
Construction on this important project. Should you have any questions regarding 
any aspect of this report please do not hesitate to contact us. 
Respectfully, 
William M. Ewing 
Industrial Hygienist 
WME:rm 
xc: James L. Burson, Program Manager 
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at 
SELECTED FULTON COUNTY SCHOOLS 
for 
GEMCO CONSTRUCTION COMPANY 
TRILBY, FLORIDA 
PROJECT NO. A-3323-002 
Georgia Institute of Technology 
Engineering Experiment Station 
Occupational Safety and Health Branch 
Atlanta, Georgia 
August 20, 1982 
AIR SAMPLING SURVEYS 
at 
SELECTED FULTON COUNTY SCHOOLS 
for 
GEMCO CONSTRUCTION COMPANY 
TRILBY, FLORIDA 
1.0 INTRODUCTION 
The GEORGIA TECH RESEARCH INSTITUTE was retained by Mr. J. W. 
Simpson of the Gemco Construction Company to conduct air sampling in 
conjunction with their project to remove asbestos-containing materials from 
five Fulton County, Georgia schools. The air sampling was conducted during 
the period from July 26, 1982, to August 2, 1982, by Messrs. William M. 
Ewing and Kenneth E. Johnson of Georgia Tech. The following report 
summarizes the results of air sampling for all locations. The individual 
results have been compiled in Appendix A, Tables 1-11. A copy of the 
sampling and analytical method is enclosed as Appendix B. 
2.0 WESTWOOD HIGH SCHOOL  
The work area at Westwood High School was limited to the boiler room 
located on the ground level. All work at this location was completed between 
July 25 and July 26, 1982, with the actual removal operations performed on 
the 26th. The work consisted of removing asbestos (amosite) containing 
insulation from the hot water tank. Air samples were collected inside and 
outside the work area during the removal process. 
Two air samples (AA-202 and AA-203) were collected inside the work area. 
One of these samples, AA-203, was a personal sample collected in the 
breathing zone of a Gemco employee. The results of these samples were 42 
and 31 fibers* per cubic centimeter (fibers*/cc) of air sampled. The sample 
indicated values in excess of the current Occupational Safety and Health 
Administration (OSHA) permissible exposure limit (PEL) of 2.0 fibers*/cc (8-
hour, time-weighted average (TWA)) and the current OSHA ceiling 
concentration of 10 fibers*/cc for 15 minutes. It was noted that all Gemco 
employees wore powered-air purifying full-face respirators equipped with 
high efficiency particulate absolute (HEPA) filters. Each employee also wore 
full body covering, including head and foot covers. 
Several methods were employed by Gemco personnel to minimize the 
generation of airborne fibers. These included the use of water (with a 
wetting agent), a microtrap, and work practices designed to reduce fiber 
emissions. The microtrap creates a negative pressure within the work area 
(with respect to all areas immediately outside the plastic barriers). This aids 
in reducing the emission of fibers to other areas of the building. The use of 
water to wet the material may have proved more effective if the material 
was wetted a day or so before the removal took place. This would allow for 
the absorption of more water, reducing fiber emissions. 
*greater than 5 micrometers in length 
One sample collected in the hallway immediately outside the plastic barrier 
indicated 0.01 fibers*/cc. This indicates that fibers* were predominantly 
contained in the work area and not in the building. Outside the building, 
however, one sample indicated 0.12 fibers*/cc. This sample, collected 3 feet 
from the exhaust of the microtrap, indicates that the HEPA filter did not 
successfully trap all fibers*. The sample results suggest the filters were 
99.7% efficient in stopping fibers greater than 5 micrometers in length. 
Many more samples would be necessary to gain a better determination on the 
efficiency of the filter. Electron microsocpy would need to be employed to 
determine penetration of the filter by those fibers shorter than 5 
micrometers in length. 
Two samples were collected on July 27, 1982, and analyzed for fibers* by 
phase-contrast microscopy. The results of analyses indicated less than 0.01 
and 0.01 fibers*/cc, respectively. These samples were taken after all work 
and clean-up activities were completed. 
3.0 BRIARWOOD HIGH SCHOOL 
Air sampling was conducted on July 27 and 28, 1982, during and following the 
asbestos abatement project at Briarwood High School in Atlanta, Georgia. 
The results of these samples are included in Tables A-3 and A-4 of Appendix 
A. The work area consisted of the boiler room. The abatement project 
consisted of removing lagging material from the hot water tank. Two area 
samples collected during the removal operation, inside the enclosed work 
area, indicated 15 and 18 fibers*/cc, respectively. The microtrap, water 
with a wetting agent, and work practices to limit dust dispersal were 
employed during this work. All Gemco employees were observed wearing full 
body covering and powered-air purifying respirators equipped ith HEPA 
filters. 
One sample, AA-208, collected in the hallway east of the work area indicated 
less than 0.01 fibers*/cc. This sample was collected during the actual 
removal process. Two samples were collected outside the work area and 
outside the building. These samples indicated 0.01 and 0.03 fibers*/cc each. 
The fibers* detected probably resulted from some leakage through the HEPA 
filter of the microtrap. 
On July 28, 1982, two area air samples were collected after all work had been 
completed inside the work area. These samples indicated 0.01 fibers*/cc 
each. 
4.0 BROOK VIEW ELEMENTARY SCHOOL 
Area air samples were collected during insulation removal from the hot water 
tank on July 28, 1982, at the Brookview Elementary School. The work area 
was confined to the boiler room at this location. It should be noted that the 
actual insulation removal and gross clean-up required 14 minute, although 
preparation and final clean-up required approximately 10 hours. The results 
of the two samples taken in the work area during removal were 2.0 and 3.3 
*greater than 5 micrometers in length 
fibers*/cc, respectively. One sample, collected in the kitchen, outside the 
work area indicated less than 0.01 fibers*/cc. Another sample, AA-211, was 
collected outside the building and indicated 0.01 fibers*/cc. The work 
practices employed and protective equipment used at this location were 
similar to those previously discussed. The results of the individual air 
samples are included as Tables A-6 and A-9 in Appendix 9 of this report. 
Two days following the removal (and clean-up) air samples were collected in 
the work area. The results of the two area air samples were 0.01 and 0.02 
fibers*/cc. 
5.0 CAMPBELL HIGH SCHOOL  
Area air sampling was conducted before, during and after an asbestos 
abatement project at Campbell High School in Fairburn, Georgia. These 
results are included as Tables A-5, A-7, and A-11 in Appendix A of this 
report. The work area consisted of the wood shop (west side only) where 
sprayed-on fireproofing was removed from a portion of the ceiling. The east 
side of the wood shop was not a part of the project and therefore still 
contains fireproofing with asbestos. 
Prior to the start of the project, two area samples were collected in the wood 
shop to estimate pre-existing fiber concentrations. The sample results were 
0.07 and 0.14 fibers*/cc. It was noted that the wood shop had just been 
cleaned prior to sampling and visible dust was in the air. It is likely that 
many of the fibers* found in these samples were the result of interference 
from wood dust present. However, it should be noted that some of the 
fibers* may have been settled asbestos fibers which were re-entrained into 
the wood shop air during the cleaning process. 
One additional sample was collected in the musical instrument storage room 
to estimate airborne fiber concentrations. Since the school was not in 
session, activity was simulated during the first 5 minutes of sampling by 
brushing out several instrument storage bins. The results of this sample was 
0.06 fibers*/cc. It should be noted that this value exceeds the 0.04 
fibers*/cc "clean air" limit established for schools in Massachusetts. Georgia 
currently does not have such a limit. 
The two area air samples collected in the work area during removal activities 
indicated 2.5 and 2.8 fibers*/cc, respectively. One sample collected outside 
the work area, in the wood shop indicated 0.17 fibers*/cc. One area air 
sample collected outside the building indicated 0.04 fibers*/cc. It should be 
noted that these last two samples may have exhibited interference from wood 
dust. The interference could have been eliminated by performing analysis by 
electron microscopy, however, due to the increased cost, this was not 
permitted. 
After the completion of the final clean-up and spray-back with another 
acoustical insulation, two area air samples were collected in the east side of 
the wood shop. The results of the air sampling and analyses indicated less 
than 0.01 fibers*/cc for each sample. It was noted that the new insulation 
*greater than 5 micrometers in length 
was a non-fibrous, styrofoam insulation. 	Further, the sampling was 
conducted with no activity which reduced the chance of wood dust 
interference, but also reduced the chance of collecting any settled asbestos 
fibers. 
6.0 ROSWELL HIGH SCHOOL  
Area air sampling was conducted during and following an asbestos abatement 
project at the Roswell High School in Roswell, Georgia. The work area was 
confined to the boiler room and consisted of removing insulation from two 
boilers, the hot water tank, and several pipes. The type of asbestos and 
content, as reported by the Fulton County Schools, was approximately 50% 
amosite. This was similar to that encountered at the Westwood High School 
(see section 2.0 of this report). The removal practices at Roswell were 
simlar to those used at Westwood except the wetting agent was added 
directly to water through an in-hose connection. The type of wetting agent 
was also produced by a different manufacturer. It was also noted that the 
water with the wetting agent was allowed to soak into the insulation for a 
longer period of time (approximately 1 hour as opposed to 10 minutes at 
Westwood). 
Two area air samples were collected in the work area during removal 
activities on July 29, 1982. The results of these samples were 4.5 and 6.5 
fibers*/cc, respectively. Two area samples were collected outside the work 
area in the hallway northeast of the boiler room and outside the building, 10 
feet west of the boiler room. Each of these samples indicated a fiber* 
concentration of 0.02 fibers*/cc. The following day, after final clean-up two 
air samples collected in the work area indicated less than 0.01 and 0.01 
fibers*/cc. 
The work area samples indicated an order-of-magnitude reduction in fiber 
concentrations when compared with the simlar work performd at Westwood 
High School. Since more than one variable was present between the two work 
sites the exact reason cannot be determined with certainty. It is probable, 
however, that the longer time allowed for the insulation to absorb the water 
and the direct introduction of the wetting agent into the water hose played a 
significant role in reducing fiber* emissions into the work area. 
This report prepared by: 
William M. Ewing 
Industrial Hygienist 
This report approved by: 
James L. Burson, OH 
Manager, Occupational Safety and 
Health Branch 
*greater than 5 micrometers in length 
APPENDIX A 
Results of Air Sampling 
'Jr lzurmuLuux 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
PlantWESTWOOD HIGH SCHOOL Materials Fibers greater than 5 micrometers in length 
     
1370 Union Rd., SW, Atlanta, Georgia 
   
     


















cc Air Start Stop 
7/26 AA-200 Area sample, outside building in airstream of microtrap exhaust 1328 1508 254 150 29,000 0.12 
7/26 AA-201 Area sample, inside building, outside enclosed work area 1403 1522 161 79 3000 0.01 
7/26 AA-202 Area sample, work area, far side of boiler, on support 1424 1507 84
* 
42 3,200,000 38. 
7/26 AA-203 M. Cain, removing boiler lagging and bagging waste in work area 1422 1453 63* 31 2,040,000 
32. 
* 
NOTZ: air volume was reduced to prevent overloading of tie sampling medium with particulate matter. 
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cc Air Start Stop 
7/27 AA-204 Area sample, clean air test, in 
boiler room, east end on pipe 1123 
1432 380 189 3000 40.01 
7/27 AA-205 
Area sample, clean air test, in 
boiler room, west end 1123 1432 386 
189 4000 0.01 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Plant Briarwood High School Materials Fibers greater than 5 micrometers in length 
 
Briarwood Road, SW., Atlanta, Georgia 
   


















cc Air Start Stop 
7/27 AA-206 Area sample, outside building,50 ft downwind of microtrap exhaust 1202 1406 247 124 7000 0.03 
7/27 AA-207 trnerng,4itgd:xtlaigctling, 1204 1407 246 123 3000 0.01 
7/27 AA-208 Area sample, inside hallway east of work area, on door to b-room  
1220 1403 205 103 43000 40.01 
7/27 AA-209 Area sample, work area, boiler room. north end of tank 1344 1354 20.1 10 303,000 15. 
7/27 AA-210 Area sample, work area, boiler 
room, south end of tank  
1344 1354 19.8 10 350,000 18. 
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cc Air Start Stop 
7/28 AA-215 
Area sample, boiler room clean 
air test, west side 1234 1507 303 153 3000 
0.01 
7/28 AA-216 Area sample, boiler room clean 
air test, east side 1233 1507 314 154 3000 0.01 
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INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Lew 	Plant Campbell High School 
 
Materials Fibers greater than 5 micrometers in length 
     
     
in Fairburn, Georgia 
  
    


















cc Air Start Stop 
7/28 AA-220 Area sample, outside building entrance to wood shop 1600 1800 241 120 10,000 0.04
* 
7/28 AA-221 Area sample, outside work area 
enclosure, in wood shop 
1607 1758 131 65 22,000 0.17
* 
7/28 AA-222 Area sample,work area, west end 
of wood shop during removal 1719 1750 
63.2 31 160,000 2.5 
7/28 AA-223 Area sample, work area, north end 
of wood shop during removal 
1719 1750 61.4 31 170,000 2.8 
* 
Note: Suspected :_nterferance from wood dust present in the wood ship. All fibers counted may not be asbestos 
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PlantRoswell High School Materials Fibers greater than 5 micrometers in length 
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cc Air Start Stop 
7/29 AA-224 
Area sample, outside building, 
10 ft. west of bioler room door 
1406 1730 410 204 10,000 0.02 
7/29 AA-225 Area sample, outside work area, 
in hall NE of boiler room 
1532 1729 230 117 6000 0.02 
7/29 AA-226 
Area sample, work area, east end 
of boiler room 
1643 1715  63 32 290,000 4.5 
7/29 AA-227 
Area sample, work area, west end 
of boiler room 
1643 1715 65 32 420,000 6.5 
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Plant Brookview Elementary School Materials Fibers greater than 5 micrometers in length 
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cc Air Start Stop 
7/30 AA-229 
Area sample, clean air test, in 
boiler room above tele. box 
1114 1356 327 162 3000 0.01 
7/30 AA-228 
Area sample, clean air test, in 
boiler room, storage rack 
1113 1358 328 165 6000 0.02 
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cc Air Start Stop 
7/30 AA-240 Area sample, clean air test, 
east side of boiler room 
1308 1612 375 184 <3000 40.01 
7/30 AA-241 Area sample, clean air test, 
west side of boiler room 
1308 1612 364 184 3000 0.01 
GEORGIA INSTITUTE OF TECHNOLOGY 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Plant Campbell High School Materials Fibers greater than 5 micrometers in length 
      
 
Fairburn. Georgia 
    


















rr Air Start Stop 
8/2 AA-230 
Area Sample - Clean air test - 
in small work room- wood shop 1037 1401 404 204 <3,000 < 0.01 
8/2 AA-231 
Area Sample - Clean air test -
at sink in wood shop 1040 1400 408 200 <3,000 4 0.01 
• 
APPENDIX B 
Sampling and Analytical Method 
I 
PROCEDURES FOR FIBER COUNTING BY MICROSCOPY 
SAMPLE PREPARATION  
Preparation of the Mounting Solution 
Combine in a one-to-one ratio (by volume) dimethyl phthalate and diethyl oxalate 
and pour into a Wheaton balsam bottle. The viscosity of the solution must then be 
adjusted; if the mixture is too "thin" the solution will cause the movement of the 
fibers on the filter; if it is too "thick" the filters will not dissolve completely. The 
viscosity is adjusted by adding blank filters to the solution. The number of filters 
to add is based on the amount of solution prepared; approximately 0.05 + 0.005 
grams of new membrance filter per milliliter of solution. Use 10 ml each reagent, 
1.2 g of MCEF membranes. The resulting solution should appear about as viscous 
as molasses. The normal shelf life of the solution is about three months. Twenty 
ml of mounting solution will prepare approximately 300 samples. 
Sample Mounting 
1. Clean the slides and cover slips with lens tissue. Lay each slide down on a 
clean surface with the frosted end up. It is a good practice to rest one edge 
of the cover slip on the slide and the other edge on the working surface. By 
doing this, you keep the bottom surface (the one which contacts the filter) 
from becoming contaminated. 
2. Wipe all the mounting tools clean with lens tissue and place them on a clean 
surface (such as lens tissue). 	All tools should be wiped clean prior to 
mounting each sample. 
3. Using the glass rod supplied with the Wheaton balsam bottle, apply a drop of 
mounting solution onto the center of the slide. It may be necessary to adjust 
the quantity of the solution so that after the cover slip has been placed on 
top, the solution extends only slightly beyond the filter boundry. If the 
quantity is greater than this particle migration may occur. 
4. Using another glass rod, spread the mounting media into a triangular shape. 
The size of the triangle should coincide with the dimension of the filter 
wedge. 
5. Separate the middle and bottom sections of the cassette to expose the filter. 
Cut a triangular wedge from the center to the edge of the filter using the 
scalpel. The size of the wedge should approximate one-eighth of the filter 
surface. The filter should not be removed from the cassette for cutting. 
6. Grasp the filter wedge with the tweezers on the perimeter of the filter which 
was clamped betwen the cassette sections. DO NOT TOUCH THE FILTER 
WITH YOUR FINGERS. Place the wedge, SAMPLE SIDE UP, upon the 
mounting solution. 
7. Pick up a clean cover slip with tweezers and carefully place it on the filter 
wedge. Once contact has been made, DO NOT REPOSITION THE COVER 
SLIP. 
8. Label the slide with the sample number before preceeding to the next filter. 
On the bottom (backside) of the slide, trace the perimeter of the filter wedge 
with a felt tip marking pen. This will enable the counter, after the filter has 
become transparent; to stay within the filter perimeter when counting. 
9. The sample should become transparent within about 15 minutes. If - the filter 
appears cloudy, it may be necessary to press VERY LIGHTLY, on the cover 
slip. This is rarely necessary; however, counting should not be started until 
an hour after the mounting. 
10. Samples should be counted within two days of mounting. Crystals appearing 
similar to asbestos fibers may begin to grow at the mounting media/air 
interfaces. 
COUNTING OF FIBERS 
1. Place the slide on the mechanical stage of the microscope and position the 
center of the wedge under the objective lens and focus upon the sample. 
Start counting from one end of the wedge and progress along a radial line to 
the other end (count in either direction from perimeter to filter tip). Stay 
away from the filter's edges when counting and sizing. Random fields are 
selected, without looking into the eyepieces, by slightly advancing the slide in 
one direction with the mechanical stage control. 
2. It is essential to continually scan over a range of focal planes (generally the 
upper 10 to 15 micrometers of the filter surface) with the fine focus control 
during each field count. This is especially necessary for asbestos fibers due 
to their impaction into the filter matrix. 
3. On most airborne samples, asbestos fibers will generally have fiber diameters 
less than one micrometer. Therefore, it is necessary to look carefully for 
faint fiber images. 
4. Regularly check the phase ring alignment. 
5. When a mass of material covers a significant portion of the field of view 
(about one-sixth or greater) reject the field and select another. (Do not 
include in the number of fields counted.) However, report the fact as it may 
have meaning on other data collection. 
6. Bundles of fibers are counted as one fiber unless both ends of the fiber can be 
clearly resolved. 
7. Count only fibers with a length to width ration greater than or equal to 3:1. 
	
B. 	Count only fibers greater than 5 micrometers in length. Measure curved 
fibers along the curve to estimate the total length. 
9. 	Count as many fields as necessary to yield a total count of a least 100 fibers. 
EXCEPTIONS: a). count at least 20 fields even if you count more than 100 
fibers, and b). stop at 100 fields even if you haven't reached 100 fibers. 
	
10. 	Rules for selecting fibers to be counted: a). COUNT any fiber greater than 5 
micrometers in length, that lies entirely within the counting area, b). 
COUNT as "i fiber" any fiber with only one end lying within the counting 
area, and c). DO NOT COUNT any fiber crossing any two sides of the 
counting area. 
CALCULATIONS AND RECORDKEEPING 
1. The following data must be recorded in the microscopy data book: a). name 
of client, b). date of analysis, c). sample number, d). initials of person 
performing the analysis, e). total number of fibers counted, f). total number 
of fields counted, g). air volume (if supplied), h). fibers per filter, and i). 
fibers per cubic centimeter of air (if applicable). Additionally, any comments 
or notes should be recorded. Also a notation should be made if any deviations 
from the standard procedure were made. 
2. To calculate total fibers per filter: 
fiber/filter = (// of fibers counted/number of fields) (fields/filter) 
3. To calculate fibers per cubic centimeter of air: 
fibers/cc = (// of fibers per filter)/((liters of air sampled)(1000)) 
QUALITY CONTROL 
1. Approximately one blank should be submitted for every 20 samples. 
2. Approximately one filter out of every ten should be selected for recounting. 
For a pair of counts on the same filter, reject both values because one might 
be biased if: 
(FB2 - FB1) exceeds 2.77 (FB)(CNITT)3 
Where: 
FB1 = lower fiber count (total fibers) 
FB2 = higher fiber count (total fibers) 
re = average of the two total fiber counts 
CVFEN= CVT for the value FB. Use the relation in figure 1. 
Total coefficient of variation as a function of total fiber count 
0.00 
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ASBESTOS FIBERS LN AIR 
National Institute for Occupational Safety and Health 
- Analytical Method 
A=1)11= Asbestos fibers Method No.: P&CAM 239 
MaMx Air Range: 0.1-60 fibers/ems 
Procedure: Filter collection, 
microscopic count 
Precision (CVO: 0.24 to 0.38 
Date Issued: 3/30/77 Classification: D (Operational) 
Date Revised: 
1. Principle of the Method 
1.1 This method describes the equipment and procedures for collecting, mounting, and counting 
asbestos fibers on cellulose ester membrane filters in the evaluation of personal samples of 
airborne asbestos fibers. The purpose of the method is to determine an employee's index of 
exposure to airborne asbestos fibers. The method is primarily a personal monitoring tech-
nique, but can be used for area monitoring. 
1.2 The sample is collected by drawing air through a membrane filter by means of a battery 
powered personal sampling pump. The filter is transformed from an opaque solid membrane 
to a transparent optically homogeneous gel. The fibers are sized and counted using a phase-
contrast microscope at 400-450X magnification. 
1.3 Definitions. Asbestos fiber, for counting purposes, means a particulate which has a physical 
dimension longer than 5 micrometers and with a length to diameter ratio of 3 to 1 or greater. 
Asbestos includes chrysotile, cummingtonite-grunerite (amosite), crocidolite, fibrous tremo-
lite, fibrous anthophyllite, and fibrous actinolite. 
1.4 Any laboratory attempting to use this procedure should have at least one counter attend a 
training course conducted by an experienced, proficient laboratory. Novice, untutored counters, 
using only published instructions, can easily obtain counts of half those performed by experi-
enced, proficient counters. Large differences between laboratories can be caused by: 1) dif-
ferences in technique and observing ability among counters and 2) small, but significant, dif-
ferences between microscopes meeting the basic specifications of Section 6.2. The following 
procedures are recommended: 
1.4.1 All microscopists who perform asbestos counting should meet together for an "asbestos 
counting workshop" at least quarterly. This is best accomplished with counters from 
several laboratories using their own microscopes. 
1.4.2 Each microscopist should count the same series of slides and with the results being 
compared. 
1.4.3 Differences between counters should be resolved with side-by-side counting of the 
fields by the different counters. 
1.4.4 Individuals who are found to be persistent outliers over several sessions should be 
encouraged to seek other tasks in their respective laboratories. 
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2. Range and Sensitivity 
2.1 The usable range is primarily a function of sample volume, microscope count field area, and 
background airborne particulates. The influence of these variables is discussed in 8.1.3. For 
a microscope count field area of 0.003 mm 2 (see Figure 1) and a pump flow rate of 1.7 1pm, 
the optimal fiber densities would be produced over the range of 0.4 fiber/cm' (8-hour sam-
ple) to about 60 fibers/cm' (15-minute sample). For a field area of 0.006 mm' (set Figure 
2) and a pump flow rate of 1.7 1pm, the optimal range is 0.2 fiber/cm' (8-hour sample) to 
about 30 fibers/cm' (15-minute sample). In each case, the optimal detection limits are in- 
' versely proportional to pump flow rate. 
The upper detection limit can be extended by using sample times less than 15 minutes or using 
lower flow rates. The lower deteCtion limit can be extended by increasing the flow rate up 
to about 2.5 1pm. Filter surface fiber densities less than optimal (less than about 0.5 to 1.0 
fiber per count field) are still adequate, but will lead to decreased precision for the method (in-
creased coefficient of variation, see Section 4). 
The minimum total fiber count in 100 fields considered adequate for reliable quantitation 
is 10 fibers. Thus, the lower limit of reliable quantitation is 0.1 fiber/cm' (100,000 fibers/ 
m2). For this level, a flow rate of about 2.5 1pm is recommended. For a field area of 
0.003 mm', the minimum sample time would be about 2 hours. For a field area of 0.006 
mm', the minimum sample time would be about 1 hour. 
2.2 This method considers only fibers with a length to diameter ratio of 3 to 1 or greater and a 
length greater than 5 micrometers. 
3. Interferences 
In an atmosphere known to contain asbestos, all particulates with a length to diameter ratio of 3 
to 1 or greater, and a length greater than 5 micrometers should, in the absence of other information, 
be considered to be asbestos fibers and counted as such. 
4. Precision and Accuracy 
4.1 In the past decade, there have appeared a number of articles examining sources of variation 
in the asbestos sampling and counting procedure. These include: Lynch et al. (11.1), Weid-
ner and Ayer (11.2). Conway and Holland (11.3), Leidel and Busch (11.4), Beckett and 
Artfield (11.5), and Rajhans and Bragg (11.6). The sources of variation will be discussed 
by stages in the membrane filter evaluation procedure. 
4.2 Sources of Variation in the Sampling Process. These include variations in pump flow rate, 
proximity of the filter to the employee's body, and filter location (left to right) in the em-
ployee's breathing zone. 
4.2.1 Section 9.1 requires that the personal sampling pump be calibrated with sufficient 
accuracy such that the 95% confidence limits on the flow rate are ca- 10%. This is 
equivalent to a coefficient of variation (CV) of about 5%. However, this CV makes 
a negligible contribution to the total CV for the method due to the relatively large CV 
of the counting procedure. 
4.2.2 Conway and Holland (11.3) concluded that positioning of the filter cassette on the 
wearer (regarding the angular portions of the filter and their proximity to the warn -) 
is not a significant factor in determining the fiber distribution on filters. 
4.2.3 Weidner and Ayer (11.2) concluded that there is no appreciable difference between 
samples collected on either the right or left sides of a breathing zone or between 
samples collected side-by-side, especially for samples with concentrations less than 2.5 
fibers/cm'. 
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4.3 Sources of Variation in the Counting Procedure 
4.3.1 Random variations exist in the fiber distribution on a filter wedge (intra-•edge vari-
ability). The industrial hygiene Jiterature has seen considerable debate in the last 
20 years concerning whether or not the distribution of mineral dust or asbestos fibers 
on a filter surface is adequately described by a Poisson distribution probability density 
function. Leidel and Busch (11.4) found excellent agreement between empirical 
error variance and theoretical variance calculated from the assumption of Poisson dis-
tributed true counts. They concluded that there was not excessive variation among 
count fields for a filter wedge and that clumping of fibers (non-random coalescence) 
did not occur. 
4.3.2 Variations exist in the fiber distribution on the total filter surface (inter-wedge vari-
ability) due to the random or non-random distribution of fibers across the total sur-
. face of the filter. This type of variation is easily confused with intra-wedge variations. 
The count procedure does not require counting of multiple sectors of the filter. There 
• may be significant differences between average counts for different wedges, or the fiber 
distribution variations for the total filter surface may be greater than the variations of 
the Poisson distribution. if either of these occur experimentally, one must use the 
experimental variations to estimate the minimum precision of the count procedure. 
The minimum precision is governed by the variations of the fiber distribution on the 
total surface of the filter. • 
Conway and Holland (11.3) concluded the distribution of fibers on filters is not uni-
form and the distribution of fiber counts is more disperse than Poisson. For their 
filters which had significant variations in fiber concentrations between sectors (as much 
as 50-60% of the total filter mean), they described the following relation for the 
standard deviation of the total number of fibers counted on a wedge (N) 
empirical s(N) ow 1.6 (N) 112 
where N is about 100. The Poisson standard deviation would be: 
. Poisson o (N) ac (N)"2 
Rajhans and Bragg (11.6) in Series I of their study found significant variation between 
filter segments and rejected the Poisson distribution for the total filter surface. How-
ever, in Series n of their study, utilizing various experimental modifications, they found 
no significant variation between filter segments and no reason to reject the assumption 
of Poisson distributed fiber counts. 
4.3.3 Systematic variations due to differences between microscopes were studied by Leidel 
and Busch (11.4). In their study using five different brands of microscopes, they found 
no significant differences among four, but the fifth gave counts approximately 45% 
higher on the average than the other four. 
4.3.4 Variations due to differences between counters should be examined at three levels: 
experienced counters occasionally counting, experienced counters routinely counting. 
and inexperienced (new or untutored) counters. Leidel and Busch (11.4) studied five 
experienced counters, with one counting only occasionally. There were no significant 
differences among three of the counters, but a fourth was 16% lower than the first 
three. The fifth, who occasionally counted, averaged 27% higher than the first three. 
Conway and Holland (11.3) studied three experienced counters and three inexperienced 
Counters. They found statistically significant differences between the means of both the 
experienced and inexperienced counters that typically were in the range plus or minus 
5 to 15%. They concluded that experience as a fiber counter is not a significant 
parameter affecting intercounter variations. 
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Rajhans and Bragg (11.6) found - no significant differences among means of five experi-
enced counters in Series I of their study. But in their carefully controlled Series II, an 
analysis of variance showed significant variations between counters that were plus or 
minus 1 to 15%. 
4.3.5 Variations between laboratories are most likely due to systematic biases and are not 
a significant additional source of random variations. Any additional variations are 
most likely due to differences in counting technique. Beckett and Attfield (11.5) ob-
served that standard counters improved greatly after personal instruction; also new 
counters, after instruction, tended to overcompensate and get exceedingly high counts. 
Additionally, they found that counts from an experienced laboratory that had not had 
contact with other laboratories performing the same analysis were as far from the 
standard values as were the counts by new counters. 
4.4 Sources of variations between samples taken at different times on one employee doting one 
work shift can affect the exposure estimate for that employee. These are primarily due to 
a) differences in exposure concentrations during the day, b) differences in location of the 
employee within the plant, and c) differences in work operation performed by the employee 
during the day. These sources of variation can be controlled by proper choice of sampling 
strategy. Refer to Leidel and Busch (11.7) and Leidel, Busch, and Lynch (11.8) for an 
extended discussion of sampling strategies. -Interday temporal variations can affxt the ex-
posure estimates obtained on different days. Refer to Leidel, Busch, and Crouse (11.9) for a 
discussion of this type of variation. 
4.5 Until recently, the total coefficient of variation (CV i) for the sampling and counting proce-
dure was best estimated from the work of Conway and Holland (11.3). The conclusions 
of their study included: 
4.5.1 The precision of their procedure for filters not containing an abundance of fine 
fibers can be estimated by a coefficient of variation of 16.2%. This value includes 
variation among counters and observed interaction effects. 
4.5.2 The accuracy of the procedure for similar filters may be estimated for a 100-fiber 
count by a coefficient of variation of 21.4%. This assumes that the contribution 
of the overall variance from the nonuniform fiber distribution is additive. 
4.5.3 A high percentage of very fine fibers on the filter can significantly affect the standard 
deviation and confidence limits for counts by different counters. After combining 
variations in fiber concentrations over the entire filter with those for different counters. 
it was concluded: 
'a. For filters with a low concentration of fine fibers, the coefficient of variation 
is estimated at 21 % and the 95% confidence interval is et 43%. 
b. For filters with a high concentration of fine fibers, the coefficient of variation 
is estimated at 25% and the 95% confidence interval is = 50%. 
Lynch, Kronoveter, and Leidel (11.1) have also reported on variations of the method. 
Their intralaboratory study utilized the data from a large number of dust counts 1713de 
by different methods by experienced counters over a period of years in an epiderniologic 
study of the asbestos products industry. They concluded that the standard deviation of 
counts of fibers longer than 5 micrometers on membrane filters could be estimated 
from the relation o e  (N)^ 3•1. Thus for counts of about 100 fibers, the coefficient of 
variation could be estimated at about 15.2% and the 95% confidence limits at ear 
30.4%. These values are lower than the values reported by Conway and Holland 
(11.3). 
Recently, the Johns-Manville Corporation conducted an in-house investigation of the 
asbestos count method (11.10). The study data contained total fiber counts for over• 
239-4 
100 filters with each filter counted by two to five counters. From the Johns-Manville 
data, NIOSH calculated over 100 estimates of the count CV for the method (11.11). 
The NIOSH CV estimates included random intrafilter variations and intercounter 
variations, but did not include random pump flow rate variations. It was found that 
the count coefficient of variation (all random variations except for pump variations) 
was a function of the total fiber count. NIOSH then included a CV of 0.05 for ran-
dom pump variations (see Section 9.1) in the CV-estimator equation-to obtain a 
CVT-estimator. The CVT-estimator line is plotted on Figure 3 for total fiber counts in 
the range 10 to 100 fibers. Or the following equation can be used: 
CV? = lantilogi o(-0.215 — 0.203 (logi4FB)) + 0.00251 2 
where FB is total fiber count as discussed in Section 10. 
Figure 3 demonstrates that for a total fiber count of 100, the best CV T is attainable with 
the appropriate sampling times given in 8.1.3 and the count rules in 8.3.9. When 
making decisions regarding compliance With the OSHA asbestos exposure standards in 
29 CFR 1910.1001, the statistical procedures given in Leidel et al. (11.11) should be 
follovied. The procedures are based on statistical theory and assumptions given in 
References 11.12, 11.13. • 
Because of the possibility of systematic biases due to differences between microscopes. 
counters, and laboratories as discussed above, it is strongly recommended that any 
laboratory counting asbestos should participate in an interlaboratory quality control 
program that includes the counting of standard reference filters. These standard filters 
are available from NIOSH through the Proficiency Analytical Testing (PAT) Pro-
gram. The PAT Program is used by the American Industrial Hygiene Association 
(AIHA) as part of its Laboratory Accreditation Program. Each laboratory's quality 
control program must include protocols for routinely adjusting and calibrating sampling 
and counting equipment plus training and evaluation programs for counters. 
5. Advantages and Disadvantages of the Method 
5.1 The method is intended to give an index of employee exposure to airborne asbestos fibers 
of specified dimensional characteristics. 
5.2 It is not meant to count all asbestos fibers in all size ranges or to differentiate asbestos from 
other fibrous particulates. 
6. Apparatus 
6.1 Sampling Equipment 
The persona! sampling equipment train consists of 1) personal sampling pump, 2) tubing. 
3) clothing spring clip, 4) tubing-to-field monitor metal adaptor, and 5) field monitor (filter 
and holder). . 
6.1.1 Personal Sampling Pump. The pump must be capable of sampling at 1.0 to 2.5 liters 
per minute (Ipm) against a flow resistance of 7.5 inches of water (1.4 cm Hg) for 8 
continuous hours on a fully charged battery. 
6.1.2 Tubing. Laboratory tubing such as rubber or plastic with 6-mm bore and about 100 
cm length. 
6.1.3 Clothing Spring Clip. The clip attaches the rubber tubing to the lapel or shirt of the 
individual being monitored. 
6.1.4 Tubing-to-field Monitor Adaptor. A short metal adaptor with ridges on one end to 
grip the inside of the tubing. The other end is designed for a pressure fit into the 
field monitor. 
6.1.5 Field Monitor (Filter and Holder). The only field monitor currently considered 
acceptable by NIOSH is manufactured by the Millipore Corporation. The unit con- 
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sists of 1) a three section styrene plastic case designated Millipore Aerosol Monitor 
Case, 2) a 37-mm diameter plain white cellulose ester membrane filter designated 
Millipore AA (pore size of 0.8 micrometer), 3) a support pad, and 4) two pla stic 
 sealing caps. If a large number of samples are to be taken, it may be less expensive 
to reuse the plastic cases. Great care must be taken in the cleaning and reassembly 
process. The outside mating surfaces of the field monitors may be covered with a 
"shrink-fit" band to provide proper sealing and a writing surface for filter identiEca-
tion. 
6.2 Optical Equipment and Microscope Features 
6.2.1 Microscope body with binocular bead. 
6.2.2 10X Huygenian eyepieces are recommended. Other eyepieces can be substituted if 
necessary. Wide field eyepieces can be used; however, wide field eyepieces may 
yield a count field area less than 0.003 mm 2 with the Porton reticle. This is not 
always desirable from the standpoint of obtaining optimum sampling times (see Sec-
tion 8.1.3). If wide field eyepieces are used, it is preferable to use the Patterson 
Globe and Circle reticle to obtain a larger count field area. 
6.2.3 Koehler illumination (preferably built-in with provisions for adjusting light intensity). 
6.2.4 A Porton reticle is recommended. Others such as the Patterson Globe and Circle 
can be substituted. 
6.2.5 Mechanical stage. 
6.2.6 Phase-Contrast condenser with a numerical aperture (N.A.) equal to or greater than 
the N.A. of the objective. 
6.2.7 40-45X phase contrast achromatic objective (N.A. 0.65 to 0.75). 
6.2.8 Phase-ring centering telescope or Bertrand lens. 
6.2.9 Green or blue filter, if recommended by microscope manufacturer. 
6.2.10 Stage micrometer with 0.01 mm subdivisions. 
6.2.11 For general guidance on phase contrast microscopy, consult Needham (11.12), Clark 
(11.15) and McCrone (11.14). 
6.3 Filter Mounting Equipment. Experience has shown that certain equipment is useful for 
efficient sample mounting. The following items are recommended for extracting and mount-
ing a portion of the filter for counting. 
6.3.1 Microscope slides. 2.5 by 7.5 cm glass slides are most commonly used. Sample 
number, data, initials, etc., can be conveniently written on i frosted end slide. 
6.3.2 Cover Slips. Cover slips are a necessary part of the slide mount and optical system. 
The shape should be appropriate for the size of the filter wedge. The appropriate cover 
slip depends upon the objective to be used. Ordinarily, objectives are optically cor-
rected for a #11/2 (0.17 millimeter) thickness cover slip. Improper cover glass thick-
ness will detract from the final image quality. 
6.3.3 Scalpel. A scalpel is needed to cut out a portion of the filter to be examined. A num-
ber-ten curved blade scalpel is recommended. 
6.3.4 Tweezers. A pair of fine-tipped tweezers is used to remove the membrane filter slice 
from the field monitor and place it upon the slide. 
6.3.5 Lens Tissue. To insure cleanliness, a lint-free tissue is recommended. This tissue 
should also be used for wiping mounting tools and for cleaning slides and cover slims 
6.3.6 Glass Rod. A fire-polished glass rod may be used to spread the mounting solution 
on the slide. 
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• 
6.3.7 Wheaton Balsam Bottle. This special glass container has a glass top which prevents 
• 	contamination of the mounting solution. A glass rod is. included for dispensing the 
solution. 
Reagents 
Chemicals-should be reagent grade, free from particles and color, conforming to the specifications 
of the Committee on Analytical Reagents of the American Chemical Society, where such specifi-
cations are available. 
7.1 Dimethyl phthalate 
7.2 Diethyl oxalate 




8.1.1 General Information 
Guidelines for the mcnitoring of employee exposures to industrial atmospheres are 
given in Reference 11.8. The Federal requirements for monitoring employee expo-
sure to airborne asbestos are found in 29 CFR 1910.1001. 
8.1.2 Mounting the Sampling Pump on the Worker 
Fasten the sampling pump to the worker's belt and fasten the field monitor to the 
lapel or shirt front (as close to the breathing zone as is practical). Remove the top 
cover of the plastic monitor, then invert the monitor making certain the exposed 
filter is facing downward. Turn the pump on and adjust to the calibrated flow rate 
(1.0 to 2.5 1pm). Record the following information in a logbook. 
1. Filter number 
2. Pump start time and date 
3. Flow rate 
4. Subject's name and job title 
5. Type of operation or process 
6. Ventilation controls and is the worker wearing a respirator approved for asbestos? 
The pump should be checked periodically during the sampling period for proper oper-
ation and flow rate. 
8.1.3 Optimum Sampling Times 
The requirement for the minimum count of 100 fibers or 20 fields in 8.3.9 was 
determined to be the best compromise to achieve adequate precision for the airborne 
fiber estimate and reasonable counting times. An optimum fiber density of about 
I to 5 fibers per microscope count field is recommended. To estimate appropriate 
sampling times for feasible counting and optimal counting, one must consider the 
following constraints: 
1. microscope count field area (generally 0.003 to 0.006 mm=) 
2. pump flow rate (typically 2.5 1pm maximum) 
3. average airborne fiber concentrations 
4. counting rule range of 20 to 100 fields 
5. adequate fiber density to obtain a minimum count of 10 fibers in 100 fields, which 
is the least total fiber count that yields an acceptable count precision 
6. background airborne particulate levels that can reduce the count precision due to 
an obscuring of fibers on the filter surface 
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The preceding constraints were considered in drawing Figures 1 and 2. These figures 
were developed from the following relationship: 
(FB/FL) (ECA/MFA) 
(FR) (AC) (1000) 
where: 
FB/FL = 1 to 5 fibers/field 
ECA = effective collecting area of filters (255 mm 2 for 37-mm fiilter with effec-
tive diameter of 33 mm) 
MFA = microscope field area (generally 0.003 to 0.006 mm 2) 
FR 	= Pump flow rate (generally 1.0 to 2.5 ]pm) 
AC = Air concentration of fibers in fibers/em'. 
Figure 1 (microscope field area = 0.003 mm 2) and Figure 2 (microscope field area = 
0.006 mm2) show optimum and feasible sampling times for a pump flow rate of 1.7 
Ipm. Each individual responsible for sampling asbestos should prepare a similar chart 
for his particular pump flow rate and microscope field area before sampling is per-
formed to aid in estimating proper sampling times. On Figures 1 and 2, the areas 
with solid shading lines are generally the optimum conditions for counting. The 
broken shading lines are for conditions very close to optimal. 
However, feasible counting conditions may extend down to about 0.1 fiber/field and 
and above 5 fibers/field. Recommended sampling times are most strongly influenced 
by background airborne particulate levels, once all the other constraints have been 
estimated. For heavy particulate levels, it may be necessary to limit each filter to 
about 60 to 180 minutes sampling duration. Each individual responsible for sampling 
should work closely with the microscopist to attain as high as possible filter surface 
fiber densities (up to about 5 fibers/field), while avoiding filter surface background 
particulate levels that create very difficult or impossible counting conditions. If one 
has very little idea of airborne fiber and particulate levels, the best procedure is to 
take several long samples (as one 8-hour or two consecutive 4-hour samples) in con-
junction with several short samples (as four consecutive 2-hour or eight consecutive 
1-hour samples). If the longer samples prove very difficult to count, the microscopist 
will have the shorter samples to fall back on. 
From Figures 1 and 2, it can be seen that there are certain sampling times which 
will yield optimum fiber densities on the filter for almost all airborne fiber concen-
trations from 1 to 10 fibers/cm'. These optimum times have been calculated and are 
presented in Figure 4. Note that the optimum times given by Figure 4 are approxi-
mate and can be varied by as much as m 25%. The nomogram is intended as a 
guide to be used where no prior knowledge of the air concentration is available. 
8.1.4 End of Sampling Period 
Remove the field monitor, replace the plastic top cover and the small end caps, and 
store the monitor. Always shut off the pump when changing monitors to avoid 
contaminating or damaging the pump. Record the pump shutoff time and flow rate 
in the logbook. 
8.1.5 Blanks 
With each batch (25 to 50 filters) of samples sent for analysis, submit two unopened 
field monitors which have been subjected to the same treatment as the samples except 
that they were not exposed to the sampling environment. Label these as blanks. H 
the blanks yield fiber counts greater than S fibers/100 fields, then the entire sam-
pling procedure should be examined carefully for the cause of contamination. The 
sampling time — minutes 
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mounting solution of Section 8.2.1 should also be examined for contamination and/or 
crystal growth. 
8.1.6 Shipping 
The field monitors in which the samples are collected should be shipped in a rigid 
container with sufficient packing material to prevent crushing. 
8.1.7 Numbers of Samples 
When sampling for the Federal ceiling standard of 10 fibers (>5 1.,m)/cre, [29 CFR 
1910.1001(b) (3), effective July 7, 19721, only one sample (15 minutes maximum 
duration) is necessary, theoretically. However, several samples should be taken dur-
ing expected periods of peak air concentrations to allow for detection of gross sam-
pling or counting errors. 
When sampling for determination of noncompliance with the Federal 8-hour TWA 
standard of 2 fibers (>5kan)/crns, (29 CFR 1910.1001(b) (2)1, one should contin-
uously sample as large a portion of the work day as is feasible for airborne concen-
trations of about 2 to 10 fibers/cm'. However, for a lower airborne concentration 
such as 0.5 fiber/ems, one sample might require 4 to- 8 hours sampling time in order 
to get the proper filter fiber density (Section 8.1.3). For this situation, the 8-hour 
TWA exposure would be determined from one 8-hour or two 4-hour samples as ap-
propriate. 
8.2 Sample Preparation 
8.2.1 Preparation of Mounting Solution 
A very important part of the sample evaluation is the mounting process. This proc-
ess involves a special mounting medium of prescribed viscosity. The proper viscosity 
is important in order to expedite filter dissolving and still minimize particle migration. 
After the sample has been mounted, an elapsed time of approximately sixty minutes 
is needed before the sample is ready for evaluation. 
Combine the dimethyl phthalate and diethyl oxalate in a one to one ratio by volume 
and pour into a Wheaton balsam bottle. Add approximately 0.05 (-= 0.005) grams 
of new membrane filter per milliliter of solution to reach the necessary viscosity. The 
mixture must be stirred periodically until the filters have dissolved and a homogeneous 
mixture is formed. The normal shelf life of the mounting solution is about three 
months. Twenty milliliters of mounting solution will prepare approximately 300 
samples. 
8.2.2 Sample Mounting 
Cleanliness is important! A dirty working area may result in sample contamination 
and erroneous counts. The following steps should be followed when mounting a sample. 
1. Clean the slides and cover slips with lens tissue. Lay each slide down on a clean 
surface with the frosted end up. It is a good practice to rest one edge of the 
cover slip on the slide and the other edge on the working surface. By doing this, 
you keep the bottom surface (the one which contacts the filter) from becoming 
contaminated. 
2. Wipe all the mounting tools clean with lens tissue and place them on a clean surface 
(such as lens tissue). All tools should be wiped clean prior to mounting each sample. 
3. Using the glass rod supplied with the Wheaton balsam bottle, apply a drop of 
mounting solution onto the center of the slide. It may be necessary to adjust the 
quantity of solution so that after the cover slip has been placed on top, the solu-
tion extends only slightly beyond the filter boundary. If the quantity is .greater than 
this, particle migration may occur. 
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4. Using another glass rod, spread the mounting media into a triangular shape. The 
size of this triangle should coincide with the dimension of the filter wedge. 
5. Separate the middle and bottom sections of the field monitor case to expose the 
filter. Cut a triangular wedge from the center to the edge of the filter using the 
scalpel. The size of the wedge should approximate one-eighth of the filter surface. 
The filter can be very carefully removed from the cassette for cutting, but this • should only be done with great care. 
6. Grasp the filter wedge with the tweezers on the perimeter of the filter which was 
clamped between the monitor case sections. Do not touch the filter with your 
fingers. Place the . wedge, sample side up, upon the mounting medium. 
7. Pick up a clean cover slip with tweezers and carefully place it on the filter wedge. 
Once this contact has been made, do not reposition the corer slip. 
8. Label the slide with the sample number and current date before proceeding to the 
next filter. On the bottom (backside) of the slide, trace the perimeter of the filter 
wedge with a felt tip marking pen. This will enable the ccunter, after the filter 
has become transparent, to stay within the filter perimeter when counting. 
9. The sample should become transparent within fifteen minutes. If the filter appears 
cloudy, it may be necessary to press very lightly cn the cover slip. This is rarely 
necessary; however, counting should not be started until an hour after the mount-
ing. This allows the microscopic texture of the filter to become invisible to micro-
scope viewing. 
10. Discard the sample mount after two days if it has not been counted. Crystals 
appearing similar to asbestos fibers may begin to grow at the mounting media fair 
interfaces. They seldom present any problems if the slide is examined before two 
days. In any case, stay away from the filter's edges when counting and sizing. 
8.3 Counting of Fibers 
8.3.1 Place the slide on the mechanical stage of the microscope and position the center of 
the wedge under the objective lens and focus upon the sample. Start counting from 
one end of the wedge and progress along a radial line to the other end (count in 
either direction from perimeter to wedge tip). Random fields are selected, without 
looking into the eyepieces, by slightly advancing the slide in one direction with the 
mechanical stage control. 
8.3.2 It is essential to continually scan over a range of focal planes (generally the upper 
10 to 15 micrometers of the filter surface) with the fine focus control during each 
field count. This is especially necessary for asbestos fibers due to their impaction 
into the filter matrix. 
8.3.3 On most airborne samples, asbestos fibers will generally have fiber diameters less than 
one micrometer. Therefore, it is necessary to look carefully for faint fiber images. 
8.3.4 Regularly check phase ring alignment. 
8.3.5 When an agglomerate (mass of material) covers a significant portion of the field of 
view (approx 1/6 or greater) reject the field and select another. (Do not include 
it in the number of fields counted.) However, report the fact as it may have meaning 
on other data collection. 
8.3.6 Bundles of fibers are counted as one fiber unless both ends of the fiber can be 
clearly resolved. 
8.3.7 Count only fibers with a length to width ratio greater than or equal to 3:1. 
8.3.8 Count only fibers greater than 5 micrometers in length. (Be as accurate as possible 
in accepting fibers near this length.) Measure curved fibers along the curve to esti- 
mate the total length. 
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. 8.3.9 Count as many fields as necessary' to yield a total count of at least 100 fibers. Ex-
ceptions: a) count at least 20 fields even if you count more than 100 fibers, and b) stop 
at 100 fields even if you haven't reached 100 fibers. 
8.3.10 For fibers that cross either one or two sides of the counting field, the following pro-
cedure is used to obtain a representative count. 	- 
COUNT any fiber greater than 5 micrometers in length, that lies entirely within the 
counting area. COUNT as "1/2 fiber" any fiber with only one end lying within the 
counting area. DO NOT COUNT any fiber crossing any two sides. - 
Reject and do not count all other fibers. Refer to Figures 5 through 10. Note that the 
fibers in Figures 5 through 10 are not representative of the appearance of most as-
bestos fibers. Most fibers have a very faint image. 
9. Calibration and Standards 
9.1 Sampling Train Calibration 
The accurate calibration of the sampling pump is essential to the correct calculation of the 
air volume sampled. The frequency of calibration is dependent on the use, care, and hand-
ling to which the pump is subjected. Pumps must be recalibrated if they have just been 
repaired, misused, or received from the manufacturer. If the pump receives hard usage, more 
frequent calibration may be necessary. Ordinarily, pumps should be calibrated in the labora-
tory both before they are used in the field and after they have been used to collect a large 
number of field samples. 
The accuracy of calibration is dependent upon the type of instrument used as a reference. 
The choice of a calibration instrument will depend largely on where the calibration is per-
formed. For laboratory testing, a 1-liter buret used as a soap bubble flow meter or wet-test 
meter is recommended. Other standard calibrating instruments, such as a spirometer, Mar-
riott's bottle, or dry gas meter can be used. The calibration should be of sufficient precision 
that the 95% confidence limits on the flow rate are ± 10% (95% of the flow rates will 
fall within ± 10% of the calibrated value). 
Instructions for calibration with the soap bubble flow meter follow. The sampling train used 
(pump, hose, filter cassette) in the pump calibration should be the same as the one used in 
the field. 
9.1.1 Check the voltage of the pump battery with a voltmeter both with the pump of and 
while it is operating to assure adequate voltage for calibration. If necessary, charge 
the battery to manufacturer's specifications. 
9.1.2 Fill a beaker with 10 ml of soap solution. 
9.1.3 Connect the filter cassette inlet to the top of the buret with a length of hose. 
9.1.4 Turn the pump on and moisten the inside of the soap bubble meter by immersing the 
open end of the buret into the soap solution and drawing bubbles up the inside of the 
buret. Perform this task until the bubbles are able to travel the entire length of the 
buret without breaking. 
9.1.5 Adjust the pump rotameter to provide a flow between 1.5 to 2.5 fpm. 
9.1.6 With a water manometer, check that the pressure drop across the filter is less than 
13 inches of water (about 1 inch of mercury). 
9.1.7 Start a soap bubble up the buret and measure the time it takes for the bubble to travel 
a minimum volume of 1 liter. 
9.1.8 Repeat the procedure in 9.1.7 at least three times, average the results, and calculate 
the calibrated flow rate by dividing the volume traveled by the soap bubble by the 
elapsed time. If the range between the highest and lowest of the three flow rates is 
greater than about 0.33 1pm, then the calibration should be repeated since it is likely 
that the precision is not adequate. 
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9.1.9 Data required for the calibration include the volume measured, elapsed time, pressure 
drop, air temperature, atmospheric pressure (or elevation), pump serial number, date, 
and name of person performing the calibration. 
9.1.10 Corrections to the flow rate for pumps with rotameters may be necessary if the pres-
sure (elevation) or temperature where the samples are collected (actual flow rate) 
differs significantly from that where the calibration was performed (indicated flow rare). 
Actual flow rates at time of sampling may be calculated for a linear scale rotarneter by 
using the following correction formula: 
Q.aual icsts4 •NI 
Peal 	 T actual  
• 
P actual 	 Tsai 
where both pressure (P) and temperature (T) are in absolute units such as: 
Asia 	= psis + 14.7 
deg Rankin = deg Fahrenheit + 460 
deg Kelvin = deg Celsius + 273 
9.2 Microscope Setup 
9.2.1 Porton Reticle and the Counting Field 
The asbestos fiber count procedure consists of comparing fiber length to the diam-
eters of calibrated circles of a Porton reticle, and counting all fibers greater than 
5 micrometers in length lying within a given counting field area. The Porton reticle 
is a glass plate inscribed with a series of circles and rectangles. The left half of the 
reticle is divided into six rectangles constituting the counting field. The counting field 
is illustrated in Figures 5 through 10. 
9.2.2 Placement in Eyepiece 
'The Porton reticle is placed inside the Huygenian eyepiece where it rests on the field-
limiting diaphragm. If other types of eyepieces are used, it may be necessary to insert 
a counting collar for retaining the reticle. The reticle should always be kept clean, 
since dirt on the reticle is in focus and could complicate the counting and sizing 
process. 
9.2.3 Stage Micrometer 
The Porton reticle cannot be used for counting until it has been properly calibrated 
with a stage micrometer. Most stage micrometer scales are approximately two 
millimeters Long and are divided into units of one-hundredth of a millimeter (ten 
micrometers). 
9.2.4 Microscope Adjustment 
When adjusting the microscope, follow the manufacturer's instructions while observing 
the following guidelines. 
1. The light source image must be in focus and centered on the condenser iris or 
annular diaphragm. . 
2. The particulate material to be examined must be in focus. 
3. The illuminator field iris must be in focus, centered on the sample, and opened only 
to the point where the field of view is illuminated. 
4. The phase rings (annular diaphragm and phase-shifting elements) must be con-
centric. 
9.2.5 Porton Reticle Calibration Procedure 
Each eyepiece-objective-reticle combination on the microscope must be calibrat ed . 
Should any of the three be changed (disassembly, replacement, zoom adjustment, etc.), 
I 
	
the combination must be recalibrated. Calibration may change if interpupillary dis- 
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tance is changed. For proper calibration, the following procedure should be followed 
closely. 	 - 
With a 10X objective in place, place the stage micrometer on the mechanical 
stage, focus the millimeter scale, and center the image. Change to the 40-45X objec-
tive and adjust the first millimeter scale division to coincide with the left boundary of 
the Porton rectangle. Measure the distance between the left and extreme right bound-
aries of the Porton rectangle, estimating any portion of the final division. This meas-
urement represents 200 L units. The rectangle is 100 L units on theshort vertical 
dimension. The calculated "L" is inserted into the formula D = L(2N) 12 where "N" 
is the circle number (indicated on the reticle) and "D" is the circle diameter. Since 
the circle diameters vary logarithmically, every other circle doubles in diameter. For 
example, circle number three is twice the diameter of number one; number four is twice 
the diameter of number two. When the circle sizes have been determined, the count-
ing field area which consists of the left six smaller rectangles can be calculated from 
the relation 10,000 L 2. This completes the reticle calibration for this specific objec-
tive-eyepiece-reticle combination. 
Example for Porton Reticle 
The following calibration was obtained for a pair of 10X Huygenian eyepieces and a 
43X objective: 
200 L = 0.148 mm = 148 micrometers 
100 L = 0.074 mm = 74 micrometers 
One L-unit = 0.74 micrometers 
Thus Circle #1 has a diameter D = L(2N) 12 = 0.74(2')" 2 = 0.74 (1.414) = 1.05 
micrometers. 
Then our circle diameter calibration table looks like: 
Diameter of Circle #1 = 1.05 micrometers 
#2 = 1.48 
= 2.09 
#4 = 2.96 
#5 = 4.19 
#6 = 5.92 
Field area = (10,000) (L2) = (100 L) (100 L) = (0.074) (0.074) = 0.0055 
mm2 
Thus fibers with a length greater than a distance halfway between the diameters of 
the #5 and #6 circles would be counted. 
If a Patterson Globe and Circle reticle is used, a different calculation procedure is 
required. The circle diameters are related as follows. The #25 circle diameter is 
(0.1) (reticle length). 
The circle diameters are proportional to the ratio of their numbers. Thus the #20 
circle diameter is (20/25) or 0.8 times the #25 circle diameter. 
10. Calculations 
10.1 The average airborne asbestos fiber concentration estimated by the filter sample may be 
calculated from the following formula: 
AC = 
((FB/FL) — (BF13121FL)) (ECA)  
(1000) (FR) (T) (MFA) 
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where: 
AC = Airborne fiber concentration in (fibers > S i&M)/CTI13. 
BFB = Total number of fibers counted in the BFL fields of the blank or control filters 
in fibers > S pill. 
BFL = Total number of fields counted on the blank or control filters. . 
ECA = Effective collecting area of filter (855 mm2 for a 37-mm filter with effective di-
ameter of 33 mm). 
FR = Pump flow rate in liters/min (Ipm). 
FB 	= Total number of fibers counted in the FL fields in fibers > S Ian. 
FL = Total number of fields counted on the filter. 
MFA = Microscope count field area in mm 2 (generally 0.003 to 0.006). 
T 	= Sample collection time in minutes. 
10.2. Recount criteria. It is very desirable for a counter to conduct a "blind recount" for about 
1 in every 10 filter wedges (slides) counted. Alternatively, a second counter could perform 
the blind recount. In training sessions for novice counters, the trainee should conduct a blind 
recount for filter wedges counted by an experienced, proficient counter. In all cases, we will 
observe differences between the first and second counts of the same filter wedge. Most of 
these differences will be due to chance alone, that is, due to the random variability (precision) 
of the count method. Statistical recount criteria enable us to decide whether observed dif-
ferences can reasonably be explained due to chance alone or are probably due to systematic 
differences between counters or microscopes or due to some other biasing factor. 
The following recount criterion is for a pair of counts that estimate some airborne fiber con-
centration (AC) in fibers/cm`. The criterion is given at the type-I error level. That is, 
there is a 5% maximum risk that we will reject a pair of counts for the reason that ore 
might be biased, when the large observed difference is really due to chance. 
Reject a pair of counts because one might be biased if: 
(ACT — AC,) exceeds 2.77(AC)(CV FB) 
where: 
AC, = lower estimated airborne fiber concentration 
ACT = higher estimated airborne fiber concentration 
AC = average of the two airborne concentration estimates 
CVin = average CV for the two concentration estimates which are a function of the total 
fiber count (FB) in each case. Use the relation in Section 4 or Figure 3. 
For a pair of counts on the same filter, reject the pair because one might be biased if: 
(FB_ — FB I ) exceeds 2.77(FB)(CV;) 
where: 
TB, = lower fiber count on the filter (total fibers) 
FB. = higher fiber count on the filter (total fibers) 
FB = average of the two total fiber counts 
CV.; = CVT for the value FB. Use the relation in Section 4 or Figure 3. 
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EXAMPLE c 1.7 1pm 
A c 0.00302 mm 2 
READ: OPTIMUM TIME 1 120min 
(± 25 %) 
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FIGURE 4. Nomogram of optimum sampling times for airborne asbestos fibers in concentrations of 
1 4o 10 fibers/cm' 
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LIST OF FIGURES 
(5 through 10) 
FIGURE 5. DO NOT COUNT. Fiber crosses top and bottom sides. 
FIGURE 6. COUNT. One fiber. 
FIGURE 7. COUNT. One-half fiber. Fiber crosses left side and one end lies within count area. 
FIGURE 8. COUNT. One-half fiber. Fiber crosses bottom side and one end lies within CottIt 
FIGURE 9.  DO NOT COUNT. Fiber crosses two sides. 
FIGURE 10. DO NOT COUNT. Fiber crosses two sides (bottom left corner). 
COUNT. One-half fiber. Fiber crosses bottom side and one end lies within count area. 
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INTRODUCTION  
The Georgia Tech Research Institute was retained by Mr. J. W. Simpson of 
the Gemco Construction Company to conduct air sampling during the removal of 
asbestos-containing materials from selected buildings at Polk Community College 
in Winter Haven, Florida. Air sampling was performed for a total of eleven days 
between August 9, 1982 and August 21, 1982 by Ms. Nancy Zakraysek of Georgia 
Tech. 	The following report summarizes results for all locations sampled. 
Individual air sampling results have been compiled in Appendix A, Tables 1-11. A 
copy of the sampling and analytical method is contained in Appendix B. 
SURVEY PROTOCOL  
As a minimum a survey protocol designed to meet the requirements of the 
Gemco Construction Company, project no. 3323, was followed. This protocol 
requested that each day during the removal of asbestos containing accoustical 
materials the following area air samples be collected and analyzed as described in 
the National Institute for Occupational Safety and Health (NIOSH) method P & 
CAM 239 (see Appendix B). 
- Two area air samples will be collected within the work area each day of 
an asbestos abatement project after the actual removal of asbestos 
containing materials has begun. 	The sampling duration will vary 
depending on several factors including estimated airborne dust 
concentrations, contract specifications for the particular project, and 
the duration of the work in progress. 
- Each day of an asbestos abatement project a minimum of one sample will 
be collected outside the work area but inside the structure (if feasible). 
If an entire building is considered the work area then this sample will be 
collected outside the building at the worker's entrance/exit. 	The 
minimum sampling duration will be 60 minutes, although we anticipate 
collecting this sample over a 120-minute duration in most cases. 
- Each day of an asbestos abatement project one sample will be collected 
outside the building. The minimum duration of sampling will be 120 
minutes for this sample. It should be noted that this sample and the 
previous one will be collected on days during actual removal or 
abatement operations. 
- Upon completion of each work area renovation activities a minimum of 
two area air samples will be collected (minimum air volume of 240 liters) 
and analyzed. 
In addition, eleven area air samples were collected before or during 
preparation of areas for work. Five of these were collected in intended work 
areas, four of the samples were collected inside the building but outside the work 
area, and two samples were collected outside the building. 
Personal samples to determine individual worker exposure were also taken in 
addition to the minimum survey protocol. A total of four personal samples were 
collected. The personal exposures of two individual workers were determined. 
Usually between four and six area air samples were collected during actual 
removal. As required by the survey protocol, at least two work area samples were 
collected on each day removal activities took place. 
All area air samples and personal air samples were analyzed by Ms. Zakraysek 
and results reported to the Gemco Construction Company site supervisor within 24 
hours of collection. 
DICUSSION OF FINDINGS  
Prior to the start of the removal of asbestos-containing accoustical materials 
area air samples were collected inside and outside the building both while the 
intended work areas were being prepared for removal and with no activity in 
progress. The results of two area air samples collected outside the Learning 
Resources (LR) building indicated fiber* concentrations ranging from less than 0.01 
fibers*/cc to 0.02 fibers*/cc. Three of the samples taken outside the intended 
work area and inside the building indicated fiber* concentrations of less than 0.01 
fibers*/cc. An area air sample taken inside the lobby leading to auditoriums IA 
and 1B in the Learning Resources (LR) building indicated a fiber* concentration of 
0.13 fibers*/cc. Two area air samples collected in the intended work area 
auditorium 1B indicated 0.23 fibers*/cc and 0.10 fibers*/cc. Prior to removal 
activities in auditorium 1A, a concentration of 0.02 fibers*/cc was indicated. 
During preparation for removal activities sheet rock was torn down in auditorium 
1B in order to expose a ceiling area of asbestos-containing accoustical material. 
This may have presented a positive interference in the analysis of samples from 
auditorium 1B and the auditorium lobby. 
A copy of the sampling and analytical method in Appendix B lists several 
limitations of the NIOSH analytical method which are amplified here. It should be 
noted that the method is only capable of analyzing for any fibers which are longer 
than 5 micrometers in length, have an aspect ratio of 3:1, and are no thinner than 
approximately 0.3 micrometers. The method does not distinguish between asbestos 
fibers and other fibrous materials. Electron microscopy would be the only 
currently available method of analysis to distinguish between asbestos and other 
fibers and to analyze for thin fibers and fibers less than 5 micrometers in length. 
Due to the high cost of analysis by electron microscopy (approximately 20 times 
the NIOSH method) this was not permitted. 
A total of 4 personal air samples were collected within the work area during 
actual removal of asbestos-containing materials. The concentration of fibers* 
*fibers greater than 5 micrometers in length 
ranged from 3.6 fibers*/cc to 8.2 fibers*/cc with an average fiber* concentration 
of 5.7 fibers*/cc. This average is not a time-weighted average but is a result of 
adding all fiber* counts and dividing by the total number of samples. 
A total of 24 area air samples were collected during removal activities within 
the work area. These samples ranged from 1.2 fibers*/cc to 8.6 fibers*/cc. The 
average fiber* concentration was 3.5 fibers*/cc. 
A total of 7 samples were collected inside the building but outside the work 
area during removal activities. Fiber* concentrations were in most cases less than 
0.01 fibers*/cc. One sample had a fiber* concentration of 0.09 fibers*/cc. One 
sample had a fiber* concentration of 0.17 fibers*/cc. These unusually high fiber* 
concentrations were probably due to the placement of sampling equipment during 
removal work. In each case, pumps were placed in areas being prepared for 
removal activities. These areas were not inhabited by Polk Community College 
personnel. 
A total of 8 samples were collected outside the building where removal 
activities were occuring. The concentration of fibers* ranged from less than 0.01 
fibers*/cc to 0.05 fibers*/cc. 
Upon completion of each phase of removal final area air samples were 
collected in the work area. The results of these samples are included in Appendix 
A of this report. 
This Report Prepared By: 
Nancy J. ZakrIlli.e 
Industrial Hygi l‘ ist U 
This Report Approved By: 
NJZ:JLB:sek 
ames L. Burson, Program Tanager 
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—Tilers per Fibers per 
Filter Start Stop 
8/9 341 
Area sample, preparing to work, 
auditorium 1B, sheet rock being 0832 1037 248 125 56,000 0.23 
torn out, Learning Resources 
Building (LR) 
8/9 343 
Area sample, prepping, auditor- 
ium 1B (LR) 
0834 1037 247 123 24,000 0.10 
8/9 342 
Area sample, prepping, lobby 
outside of auditoriums 1A & 1B 
0843 1043 240 120 32,000 0.13 
8/9 344 
Area sample, outside of building 
to right of auditorium lobby (LR) 
0845 1045 239 120 5,600 0.02 
8/9 350 
Area sample, prepping, auditor- 
ium 1A (LR) 1125 1452 412 207 8,000 0.02 
8/9 348 
Area sample, pre-work, auditor- 
ium 1C (LR) 1132 1457 406 205 <3,000 <0.01 
8/9 347 Area sample, pre-work, auditor- 
ium 1D (LR) 1134 1454 404 200 <3,000 <0.01 
4 
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Fibers per 	--Fibers 
Filter 
per 
cc air Start Stop 
8/10 383 
Area sample, prepping, audi- 
visual storage area (LR) 1322 1525 246 123 4 3,000 0.01 
8/10 374 
Area sample, pre-work, room 1A 
(Classroom Maintenance) 1332 1532 240 120 43,000 0.01 
8/10 378 Area sample, outside of building 
east of auditorium lobby 1256 1512 272 136 G 3,000 0.01 
8/10 BSK-08 
Area sample, outside oT work 
area, north stairwell (LR) 1259 1515 270 136 < 3,000 0.01 
4 
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cc air Start Stop 
8/11 345 
Personal sample, Mark Cain, AV 
storage, scraping (LR) 
1257 1330 66* 33 340,000 5.1 
8/11 369 
Personal sample, Mark Cain, AV 
storage, scraping (LR) 
1330 1357 54* 27 440,000 8.2 
8/11 384 
Personal sample, John McClelland 
AV storage, bagging (LR) 
1300 1331 61* 31 220,000 3.6 
8/11 BSK-05 
Personal sample, John McClelland 
AV storage, bagging (LR) 
1331 1400 57* 29 340,000 5.9 
8/11 354 
Area sample, work area, AV stor- 
age (LR), upper level 
1255 1355 119 60 470,000 4.0 
8/11 349 
Area sample, work area, AV stor- 
age (LR), lower level 
1304 1403 119 59 240,000 2.0 
8/11 377 
Area sample, outside of building. 
east of auditorium lobby 
1217 1617 475 240 <3,000 <0.01 
8/11 385 
Area sample, outside of work 
area, north stairwell 
1221 1623 484 242 <3,000 <0.01 
*NOTE: Air volume was reduced to prevent overloading of the sampling medium with particulate matter. 
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Filter Start Stop 
8/12 353 
Area sample, work area, auditor- 
ium 1B. scraping 
0940 1027 94* 47 110,000 1.2 
8/12 352 
Area sample, work area, auditor- 
ium 1B, scraping (LR) 
1027 1052 50* 25 150,000 2.9 
8/12 359 
Area sample, work area, auditor- 
ium 1B, bagging 0945 1025 80* 40 320,000 3.9 
8/12 372 Area sample, work area, auditor- 
ium 1B, bagging (LR) 
1025 1055 60* 30 200,000 3.3 
8/12 356 
Area sample, work area, auditor- 
ium 1A, scraping (LR) 
1326 1426 120 60 200,000 1.7 
8/12 376 
Area sample, work area, auditor- 
ium 1A, scraping (LR) 1328 1439 142 71 220,000 1.6 
8/12 365 
Area sample, outside of building 
east of auditorium lobby 1000 1414 513 254 <3,000 <0.01 
8/12 363 
Area sample, outside of work 
area, north stairwell (LR) 1002 1415 501 253 <3,000 <0.01 
4 
*NOTE: Air volume was reduced to prevent overloading of the sampling medium with particulate matter. 
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cc air Start Stop 
8/13 BSK-02 
Area sample, work area, auditor- 
ium 1A (Learning Resources) 
0719 0747 56* 28 90,000 1.6 
8/13 364 
Area sample, work area, auditor- 
ium 1A (Learning Resources) 
0749 0827 76* 38 170,000 2.2 
8/13 380 Area sample, work area, auditor- 
ium IA (Learning Resources) 0721 0750 59* 29 100,000 1.8 
8/13 368 Area sample, work area, auditor- 
ium 1A (Learning Resources) 
0752 0829 75* 37 180,000 2.4 
8/13 379 Area sample, outside of building 
east of auditorium lobby (LR) 
0703 0906 244 123 4,200 0.01 
8/13 BSK-03 Area sample, outside of work 
area, north stairwell (LR) 0706 0908 243 122 <3,000 <0.01 
4 
*NOTE: Air volume was reduced to prevent overloading of the sampling medium with particulate matter. 
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Filter Start Stop 
8/14 360 
Area sample, room 119, work area 
(Classroom Maintenance) 
1419 1444 50* 25 320,000 6.4 
8/14 370 
Area sample, room 119, work area 
(Classroom Maintenance) 
1446 1516 60* 30 340,000 5.7 
8/14 375 
Area sample, room 121, work area 
(Classroom Maintenance) 
1416 1442 51* 26 440,000 8.6 
8/14 366 
Area sample, room 121, work area 
(Classroom Maintenance) 
1442 1516 67* 34 320,000 4.8 
8/14 355 Area sample, outside of building 
near exit of room 1-G 
1345 1544 237 119 4,200 0.02 
8/14 373 
Area sample, outside of work 
area, room 1G, near entrance to 
1346 1547 240 121 41,000 0.17 
room 121 (Classroom Maintenance) 
*NOTE: Air volume was reduced to prevent overloading of the sampling medium with particulate matter. 
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cc air  
fibers per 
Filter Start Stop 
8/15 329 Area sample, work area, room 1A 
(Classroom Maintenance) 
1044 1144 120 60 500,000 4.2 
8/15 309 
Area sample, work area, room 1C 
(Classroom Maintenance) 1102 1206 127 64 320,000 2.5 
8/15 400 
Area sample, work area, room 1D 
(Classroom Maintenance) 1334 1439 129 65 540,000 4.1 
8/15 317 
Area sample, work area, room 11 
(Classroom Maintenance) 
1339 1441 123 62 380,000 3.1 
8/15 333 Area sample, outside of building 
north entrance 1031 1448 514 257 <3,000 <0.01 
8/15 339 Area sample, outside of work 
area, hallway near 1A 1038 1444 497 246 43,000 0.09 
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Filter Start Stop 
8/16 361 
Area sample, final air test, 
room 119 (Classroom Maintenance) 
0734 1110 428 216 4,200 0.01 
8/16 381 
Area sample, final air test, 
room 121 (Classroom Maintenance) 0736 1111 430 215 <3,000 <0.01 
llakollnULAJUI 
Engineering Experiment Station 
Safety & Health Services 
INDUSTRIAL HYGIENE SAMPLING SUMMARY 
Plant GEMCO CONSTRUCTION COMPANY Materials Fibers greater than 5 micrometers in length 
     
 
Polk Community College, Winter Haven, Florida 
   

















—Tilers per Fibers per 
Filter Start Stop 
8/18 404 
Area sample, work area, 2nd 
floor, north stairwell (LR) 
1412 1514 124 62 520,000 4.2 
8/18 337 
Area sample, work area, 1st 
floor, north stairwell (LR) 
1416 1519 125 63 480,000 3.9 
8/18 402 
Area sample, outside of building 
near north stairwell (LR) 
1358 1623 291 145 14,000 0.05 
8/18 403 
Area sample, 2nd floor near nortl 
stairwell, outside work area 
1404 1619 270 135 <3,000 <0.01 
8/18 336 
Area sample, final air test, 
auditorium 1A (at top) 	(LR) 
0933 1423 574 290 3,000 <0.01 
8/18 324 
Area sample, final air test, 
auditorium 1A (on podium)(LR) 
0937 1424 571 287 <3,000 <0.01 
8/18 401 
Area sample, 	final air test, 
audiovisual storage area (lower) 
0940 1425 576 285 <3,000 <0.01 
8/18 315 
Area sample, final air test, 
auditorium 1B (upper) 	(LR) 0950 1427 548 277 3,000 <0.01 
8/18 314 
Area sample, final air test, 
auditorium 1B (lower) 	(LR) 
0954 1428 548 274 <3,000 <0.01 
t 
8/18 313 
Area sample, near outside build- 
ing, room 1G, near ventilation  
1130 1435 366 185 <3,000 <0.01 
(CM) 
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cc air Start Stop 
8/20 310 
Area sample, work area, south 
stairwell (LR), between 1st & 
1420 1525 130 65 530,000 4.1 
2nd floor 
8/20 321 Area sample, work area, south 
stairwell (LR), 2nd floor 
1422 1527 129 65 410,000 3.2 
8/20 405 Area sample, inside LR, 1st 
floor lobby, outside worksite 
1432 1703 299 151 <3,000 <0.01 
8/20 334 Area sample, outside LR building 
near south stairwell (east of) 1435 1706 305 151 <3,000 <0.01 
8/20 305 
Area sample, final air test, 
north stairs, LR, 	1st floor 0510 0752 324 162 3,000 0.02 
8/20 335 
Area sample, final air test, 
north stairs, LR, 2nd floor 
0515 0753 318 158 <3,000 <0.01 
8/20 318 
Area sample, final air test, 
Classroom Maintenance, room 1-D 
1510 1856 450 226 3,000 < 0.01 
8/20 301 Area sample, final air test, 
Classroom Maintenance, room 1-B 
1513 1859 447 226 <3,000 <0.01 
8/20 322 Area sample, final air test, 
Classroom Maintenance, room 1-A 
1516 1901 448 225 <3,000 . 	<0.01 
8/20 406-NZ Area sample, 	final air test, 
Classroom Maintenance, room 1-G 1518 1903 450 225 <3,000 <0.01 
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Filter Start Stop 
8/21 406 Area sample, final air test, 
south staircase, LR, 2nd floor 
0429 0756 410 207 8,400 0.02 
8/21 308 
Area sample, final air test, 
south staircase, LR, between 
0425 0757 424 212 7,000 0.02 
1st and 2nd floor 
8/21 407 Area sample, final air test, 
room 1-C, 	(Classroom Maintenance) 
0442 0804 400 202 <3,000 <0.01 
t 
APPENDIX B 
Sampling and Analytical Method 
ASBESTOS FIBERS IN AIR 
National institute for Occupational Safety and Health 
Analytical Method 
'Ana/Vs: Asbestos fibers Method No.: P&CAM 239 
• Masi= Air Range: 0.1-60 5 bers/cms 
Procedure: Filter collection, 
microscopic count 
Precision (CVO: 0.24 to 0.38 
Date Issued: 3/30/77. Classification: D (Operational) 
Date Revised: 
1. Principle of the Method 
1.1 This method describes the equipment and procedures for collecting, mounting, and counting 
asbestos fibers on cellulose ester membrane filters in the evaluation of personal samples of 
airborne asbestos fibers. The purpose of the method is to determine an employee's index of 
exposure to airborne asbestos fibers. The method is primarily a personal monitoring tech-
nique, but can be used for area monitoring. 
1.2 The sample is collected by drawing air through a membrane filter by means of a battery 
powered personal sampling pump. The filter is transformed from an opaque solid membrane 
to a transparent optically homogeneous gel. The fibers are sized and counted using a phase-
contrast microscope at 400-450X magnification. 
1.3 Definitions. Asbestos fiber, for counting purposes, means a particulate which has a physical 
dimension longer than 5 micrometers and with a length to diameter ratio of 3 to 1 or greater. 
Asbestos includes chrysotile, cummingtonite-grunerite (amosite), crocidolite, fibrous tremo-
lite, fibrous anthophyllite, and fibrous actinolite. 
1.4 Any laboratory attempting to use this procedure should have at least one counter attend a 
training course conducted by an experienced, proficient laboratory. Novice, untutored counters, 
using only published instructions, can easily obtain counts of half those performed by experi-
enced, proficient counters. Large differences between laboratories can be caused by l) dif-
ferences in technique and observing ability among counters and 2) small, but significant, dif-
ferences between microscopes meeting the basic specifications of Section 6.2. The following 
procedures are recommended: 
1.4.1 All microscopists who perform asbestos counting should meet together for an "asbestos 
counting workshop" at least quarterly. This is best accomplished with counters from 
several laboratories using their own microscopes. 
1.4.2 Each microscopist should count the same series of slides and with the results being 
compared. 
1.4.3 Differences between counters should be resolved with side-by-side counting of the 
fields by the different counters. 
1.4.4 Individuals who are found to be persistent outliers over several sessions should be 
encouraged to seek other tasks in their respective laboratories. 
s 
239-1 
2. Range and Sensitivity 
2.1 The usable range is primarily a function of sample volume, microscope count field area, and 
background airborne particulates. The influence of these variables is discussed in 8.1.3. For 
a microscope count field area of 0.003 mm' (see Figure 1) and a pump Bow rate of 1.7 !pm, 
the optimal fiber densities would be produced over the range of 0.4 fiber/cm' (8-hour sam-
ple) to about 60 fibers/cm' (15-minute sample). For a field area of 0.006 vim' (ice Figure 
2) and a pump flow rate of 1.7 1pm, the optimal range is 0.2 fiber/cm' (S-hour sample) to 
about 30 fibers/cm' (15-minute sample). In cach case, the optimal detection limits are in-
versely proportional to pump flow rate. 
The upper detection limit can be extended by using sample times less than 15 minutes or using 
lower flow rates. The lower detection limit can be extended by increasing the Bow rate up 
to about 2.5 1pm. Filter surface fiber densities less than optimal (less than about 0.5 to 1.0 
fiber per count field) are still adequate, but will lead to d ec reased precision for the method (in-
creased coefficient of variation, see Section. 4). 
The minimum total fiber count in 100 fields considered adequate for reliable quantization 
is 10 fibers. Thus, the lower limit of reliable qua:I:Ration is 0.1 fiber/cm' (100,000 fibers/ 
ms). For this level, a flow rate of about 2.5 Ipm is recommended. For a field area of 
0.003 mm', the minimum sample time would be about 2 hours. For a field area of 0.006 
ram', the minimum sample time would be about 1 hour. 
2.2 This method considers only fibers with a length to diameter ratio of 3 to I or greater and a 
length greater than 5 micrometers. 
3. Interferences 
In an atmosphere known to contain asbestos, all particulates with a length to diameter ratio of 3 
to 1 or greater, and a length greater than 5 micrometers should, in the absence of other information, 
be considered to be asbestos fibers and counted as such. 
4. Precision and Accuracy • 
4.1 In the past decade, there have appeared a number of articles examining sources of variation 
in the asbestos sampling and counting procedure. These include: Lynch et al. (ILI), Weid-
ner and Ayer (11.2). Conway and Holland (11.3), Leidel and Busch (11.4), Beckett and 
Artfield (11.5), and Rajhans and Bragg (11.6). The sources of variation will be discussed 
by stages in the membrane filter evaluation procedure. 
4.2 Sources of Variation In the Sampling Process. These include variations in pump flow rate, 
proximity of the filter to the employee's body, and filter location (left to right) in the em-
ployee's breathing zone. 
4.2.1 Section 9.1 requires that the personal sampling pump be calibrated with sufficient 
accuracy such that the 95% confidence limits on the flow rate are ot. 30%. This is 
equivalent to a coefficient of variation (CV) of about 5%. However, this CV makes 
a negligible contribution to the total CV for the method due to the relatively large CV 
of the counting procedure. 
4.2.2 Conway and Holland (11.3) concluded that positioning of the filter cassette on the 
wearer (regarding the angular portions of the filter and their proximity to the wearer) 
is not a significant factor in determining the fiber distribution on filters. 
4.2.3 Weidner and Ayer (11.2) concluded that there is no appreciable difference between 
samples collected on either the right or left sides of a breathing zone or between 
samples collected side-by-side, especially for samples with concentrations less than 2.5 
fibers/cm'. 
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4.3 Sources of Variation k the Counting Procedure 
4.3.1 Random variations exist in the fiber distribution on a filter wedge (intro-'edge vari-
ability). The industrial hygiene literature has seen considerable debate in the last 
20 years concerning whether or not the distribution of mineral dust or asbestos fibers 
on a filter surface is adequately described by a Poisson distribution probibility density 
function. Leidel and Busch (11.4) found excellent agreement between einpirical 
error variance and theoretical " variance calculated from the assumption of Poisson dis-
tributed true counts. They conclude4 that there was not excessive variation among 
count fields for a filter wedge and that clumping of fibers (non-random coalescence) 
did not occur. 
4.3.2 Variations exist in the fiber distribution on the total filter surface (inter-wedge vari-
ability) due to the random or non-random distribution of fibers across the total sur-
face of the filter. This type of variation is easily confused with intra-wedge variations. 
The count procedure does not require counting of multiple sectors of the filter. There 
may be significant differences between average counts for different wedges, or the fiber 
distribution variations for the total filter surface may be greater than the variations of 
the Poisson distribution. If either of these occur experimentally, one must use the 
experimental variations to estimate the minimum precision of the count procedure. 
The minimum precision is governed by the variations of the fiber distribution on the 
total surface of the filter. • 
Conway and Holland (11.3) concluded the distribution of fibers on filters is not uni-
form and the distribution of fiber counts is more disperse than Poisson. For their 
filters which had significant variations in fiber concentrations between sectors (as much 
as 50-60% of the total filter mean), they described the following relation for the 
standard deviation of the total number of fibers counted on a wedge (N) 
empirical s(N) mg 1.6 (N)" 2 
where N is about 100. The Poisson standard deviation would be: 
. Poisson o (N) (N)" 
Rajhans and Bragg (11.6) in Series I of their study found significant variation between 
filter segments and rejected the Poisson distribution for the total filter surface. How-
ever, in Series II of their study, utilizing various experimental modifications, they found 
no significant variation between filter segments and no reason to reject the assumption 
of Poisson distributed fiber counts. 
4.3.3 Systematic variations due to differences between microscopes were studied by Leidel 
and Busch (11.4). In their study using five different brands of microscopes. they found 
no significant differences among four, but the fifth gave counts approximately 455c 
higher on the average than the other four. 
4.3.4 Variations due to differences between counters should be examined at three levels: 
experienced counters occasionally counting. experienced counters routinely counting. 
and inexperienced (new or untutored) counters. Leidel and Busch (11.4) studied five 
experienced counters, with one counting only occasionally. There were no significant 
differences among three of the counters, but a fourth was 16% lower than the first 
three. The fifth, who occasionally counted, averaged 27% higher than the first three. 
Conway and Holland (11.3) studied three experienced counters and three inexperienced 
counters. They found statistically significant differences between the means of both the 
experienced and inexperienced counters that typically were in the range plus or minus 
5 to 15%. They concluded that experience as a fiber counter is not a significant 
parameter affecting intercounter variations. 
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Rajhans and Bragg (11.6) found - no significant differences among means of five experi-
enced counters in Series I of their study. But in their carefully controlled Series II, an 
analysis of variance showed significant variations between counters that were plus or 
minus 1 to 15%.  
4.3.5 Variations between laboratories are most likely due to systematic biases and are not 
a significant additional source of random variations. Any additional variations are 
most likely due to differences in counting technique. Beckett and Attneld (11.5) ob-
served that standard counters improved greatly after personal instruction; also new 
counters, after instruction, tended to overcompensate and get exceedingly high counts. 
Additionally, they found that counts from an experienced laboratory that had not had 
contact with other laboratories performing the same analysis were as far from the 
standard values as were the counts by new counters. 
4.4 Sources of variations between samples taken at different times on one employee during one 
work shift can affect the exposure estimate for that employee. These are primarily due to 
a) differences is exposure concentrations during the day, b) differences in location of the 
employee within the plant, and c) differences in work operation performed by the employee 
during the day. These sources of variation can be controlled by proper choice of sampling 
strategy. Refer to Leidel and Busch (11.7) and Leidel, Busch, and Lynch (11.8) for an 
extended discussion of sampling strategies. Interday temporal variations can afixt the ex-
posure estimates obtained on different days. Refer to Leidel, Busch, and Crouse (11.9) for a 
discussion of this type of variation. 
4.5 Until recently, the total coefficient of variation (CV T) for the sampling and counting proce-
dure was best estimated from the work of Conway and Holland (11.3). The conclusions 
of their study included: - 
4.5.1 The precision of their procedure for filters not containing an abundance of fine 
fibers can be estimated by a 'coefficient of variation of 16.2%. This value includes 
variation among counters and observed interaction effects. 
4.5.2 The accuracy of the procedure for similar filters may be estimated for a 100-fiber 
count by a coefficient of variation of 21.4%. This assumes that the contribution 
of the overall variance from the nonuniform fiber distribution is additive. 
4.5.3 A high percentage of very fine fibers on the filter can significantly affect the standard 
deviation and confidence limits for counts by different counters. After combining 
variations in fiber concentrations over the entire niter with those for different counters, 
it was concluded: 
a. For filters with a low concentration of fine fibers, the coefficient of variation 
is estimated at 21% and the 95% confidence interval is = 43%. 
b. For filters with a high concentration of fine fibers, the coefficient of variation 
is estimated at 25% and the 95% confidence interval is 	50%. 
Lynch, Kronoveter, and Leidel (11.1) have also reported on variations of the method. 
Their intralaboratory study utilized the data from a large number of dust counts made 
by different methods by experienced counters over a period of years in an epiderniologic 
study of the asbestos products industry. They concluded that the standard deviation of 
counts of fibers longer than 5 micrometers on membrane filters could be estimated 
from the relation o = (N)" 5". Thus for counts of about 100 fibers, the coefficient of 
variation could be estimated at about 15.2% and the 95% confidence limits at 
30.4%. These values are lower than the values reported by Conway and Holland 
(11.3). 
Recently, the Johns-Manville Corporation conducted an in-house investigation of the 
asbestos count method (11.10). The study data contained total fiber counts for over 1 
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100 filters with each filter counted by two to Eve counters. From the Johns-Manville 
data, NIOSH calculated over 100 estimates of the count CV for the method (11.11). 
The NIOSH CV estimates included random intrafilter variations and intercounter 
variations, but did not include random pump flow rate variations. It was found that 
the count coefficient of variation (all random variations except for pump variations) 
was a function of the total fiber count. NIOSH then included a CV of D.05 for ran-
dom pump variations (see Section 9.1) in the CV-estimator equation to obtain a 
CV7-estimator. The CV-r-estimator line is plotted on Figure 3 for total fiber counts in 
the range 10 to 100 fibers. Or the following equation can be used: 
CV.r = (antilogio(-0.215 — 0.203 (log,,,FB)) + 0.0025P 
where FB is total fiber count as discussed in Section 10. 
Figure 3 demonstrates that for a total fiber count of 100, the best CV= is attainable with 
the appropriate sampling times given in 8.1.3 and the count rules in 8.3.9. When 
making decisions regarding compliance With the OSHA asbestos exposure standards in 
29 CFR 1910.1001, the statistical procedures given in Leidel et al. (11.11) should be 
followed. The procedures are based on statistical theory and assumptions given in 
References 11.12. 11.13. - 
Because of the possibility of systematic biases due to differences between microscopes. 
counters, and laboratories as discussed above, it is strongly recommended that any 
laboratory counting asbestos should participate in an interlaboratory quality control 
program that includes the counting of standard reference filters. These standard filters 
are available from NIOSH through the Proficiency Analytical Testing (PAT) Pro-
gram. The PAT Program is used by the American Industrial Hygiene Association 
(AIHA) as part of its Laboratory Accreditation Program. Eacb laboratory's quality 
control program must include protocols for routinely adjusting and calibrating sa=pling 
and counting equipment plus training and evaluation programs for counters. 
5. Advantages and Disadvantages of the Method 
5.1 The method is intended to give an index of employee exposure to airborne asbestos fibers 
of specified dimensional characteristics. 
5.2 It is not meant to count all asbestos fibers in all size ranges or to differentiate asbestos from 
other fibrous particulates. 
6. Apparatus 
6.1 Sampling Equipment 
The personal sampling equipment train consists of 1) personal sampling pump, 2) tubing. 
3) clothing spring clip, 4) tubing-to-field monitor metal adaptor, and 5) field monitor (filter 
and holder). . 
6.1.1 Personal Sampling Pump. The pump must be capable of sampling at 1.0 to 2.5 liters 
per minute (fpm) against a flow resistance of 7.5 inches of water (1.4 cm Hg) for 8 
continuous hours on a fully charged battery. 
6.1.2 Tubing. Laboratory tubing such as rubber or plastic with 6-mm bore and about 100 
cm length. 
6.1.3 Clothing Spring Clip. The clip attaches the rubber tubing to the lapel or shirt of the 
individual being monitored. 
6.1.4 Tubing-to-field Monitor Adaptor. A short metal adaptor with ridges on one end to 
grip the inside of the tubing. The other end is designed for a pressure fit into the 
field monitor. • 
6.1.5 Field Monitor (Filter and Holder). The only field monitor currently considered 




sists of I) a three section styrene plastic case designated Millipore Aerosol Monitor 
Case, 2) a 37-mm diameter plain white cellulose ester membrane filter designated 
Millipore AA (pore size of 0.8 micrometer), 3) a support pad, and 4) two plastic 
seating caps. If a large number of samples arc to be taken, it may be less expensive 
to reuse the plastic cases. Great care must be taken in the cleaning and reassembly 
process. The outside mating surfaces of the field monitors may be covered with a 
"shrink-fit" band to provide proper sealing and a writing surface for filter identifca-
tion. 
6.2 Optical Equipment and Microscope Features 
6.2.1 Microscope body with binocular head. 
6.2.2 10X Huygenian eyepieces are recommended. Other eyepieces can be substituted if 
necessary. Wide field eyepieces can be used; however, wide field eyepieces may 
yield a count field area less than 0.003 mm= with the Porton reticle. This is not 
always desirable from the standpoint of obtaining optimum sampling times (set Sec-
tion 8.1.3). If wide field eyepieces are used, it is preferable to use the Patterson 
Globe and Circle reticle to obtain a larger count field area. 
6.2.3 Koehler illumination (preferably built- in with provisions for adjusting light intensity). 
6.2.4 A Porton reticle is recommended. Others such as the Patterson Globe and Circle 
can be substituted. 
6.2.5 Mechanical stage. 
6.2.6 Phase-Contrast condenser with a numerical aperture (N.A.) equal to or greater than 
the N.A. of the objective. 
6.2.7 40-45X phase contrast achromatic objective (N.A. 0.65 to 0.75). 
6.2.8 Phase-ring centering telescope or Bertrand lens. 
6.2.9 Green or blue filter, if recommended by microscope manufacturer. 
6.2.10 Stage micrometer with 0.01 mm subdivisions. 
6.2.11 For general guidance on phase contrast microscopy, consult Needham (11.12), Clark 
(11.15) and McCrone (11.14). 
6.3 Filter Mounting Equipment. Experience has shown that certain equipment is useful for 
efficient sample mounting. The following items are recommended for extracting and mount-
ing a portion of the filter for counting. 
6.3.1 Microscope slides. 2.5 by 7.5 cm glass slides are most commonly used. Sample 
number, data, initials, etc., can be conveniently written on ifrosted end slide. 
6.3.2 Cover Slips. Cover slips are a necessary part of the slide mount and optical system. 
The shape should be appropriate for the size of the filter wedge. The appropriate cover 
slip depends upon the objective to be used. Ordinarily, objectives are optically cor-
rected for a #11/2 (0.17 millimeter) thickness cover slip. Improper cover glass thick-
ness will detract from the final image quality. 
6.3.3 Scalpel. A scalpel is needed to cut out a portion of the filter to be examined. A num-
ber-ten curved blade scalpel is recommended. 
6.3.4 Tweezers. A pair of fine-tipped tweezers is used to remove the membrane filter slice 
from the field monitor and place it upon the slide. 
6.3.5 Lens Tissue. To insure cleanliness, a lint-free tissue is recommended. This tiLst:c 
should also be used for wiping mounting tools and for cleaning slides and cover slips. 
6.3.6 Glass Rod. A fire-polished glass rod may be used to spread the mounting solution 
on the slide. 
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6.3.7 Wheaton Balsam Bottle. This special glass container has a glass top which prevents 
contamination of the mounting solution. A glass rod is. included for dispensing the 
solution. 
R merits 
Chemicals should be reagent grade, free from particles and color, conforming to the specifications 
of the Committee on Analytical Reagents of the American Chemical Society, where such specifi-
cations are available. 
7.1 Dimethyl phthalate 
7.2 Diethyl oxalate 




8.1.1 Gcneral Information 
Guidelines for the monitoring of employee exposures to industrial atmospheres are 
given in Reference 11.8. The Federal requirements for monitoring employee expo-
sure to airborne asbestos are found in 29 CFR 1910.1001. 
8.1.2 Mounting the Sampling Pump on the Worker 
Fasten the sampling pump to the worker's belt and fasten the field monitor to the 
lapel or shirt front (as close to the breathing zone as is practical). Remove the top 
cover of the plastic . monitor, then invert the monitor making certain the exposed 
filter is facing downward. Turn the pump on and adjust to the calibrated flow rate 
(1.0 to 2.5 1pm). Record the following information in a logbook. 
I. Filter number 
2. Pump start time and date 
3. Flow rate 
4. Subject's name and job title 
5. Type of operation or process 
6. Ventilation controls and is the worker wearing a respirator approved for asbestos? 
The pump should be checked periodically during the sampling period for proper oper-
ation and flow rate. 
8.1.3 Optimum Sampling Times 
The requirement for the minimum count of IQ° fibers or 20 fields in 8.3.9 was 
determined to be the bat compromise to achieve adequate precision for the airborne 
fiber estimate and reasonable counting times. An optimum fiber density of about 
I to 5 fibers per microscope count field is recommended. To estimate appropriate 
sampling times for feasible counting and optimal counting, one must consider the 
following constraints: 
1. microscope count field area (generally 0.003 to 0.006 mm 2) 
2. pump flow rate (typically 2.5 1pm maximum) 
3. average airborne fiber concentrations 
4. counting rule range of 20 to 100 fields 
5. adequate fiber density to obtain a minimum count of 10 fibers in 100 fields, which 
is the least total fiber count that yields an acceptable count precision 
6. background airborne particulate levels that can reduce the count precision due to 




The preceding constraints were considered in drawing Figures 1 and 2. These figures 
were developed from the following relationship: 
(FB/FL) (ECA/MFA) 
(FR) (AC) (1000) 
where: 
FB/FL = 1 to 5 fibers/field 
ECA = effective collecting area of filters (355 mm' for 37-mm fiilter with effec-
tive diameter of 33 mm) 
MFA = microscope field area (generally 0.003 to 0.006 mm') 
FR 	= Pump flow rate (generally 1.0 to 2.5 1pm) 
AC = Air concentration of fibers in fibers/em'. 
Figure 1 (microscope field area = 0.003 mm 2) and Figure 2 (microscope field area = 
0.006 mm2) show optimum and feasible sampling times for a pump flow rate of 1.7 
1pm. Each individual responsible for sampling asbestos should prepare a similar chart 
for his particular pump flow rate and microscope field area before sampling is per-
formed to aid in estimating proper sampling times. On Figures 1 and 2, the areas 
with solid shading lines are generally the optimum conditions for counting. The 
broken shading lines are for conditions very close to optimal. 
However, feasible counting conditions may extend down to about 0.1 fiber/field and 
and above 5 fibers/field. Recommended sampling times are most strongly infuenced 
by background airborne particulate levels, once all the other constraints have been 
estimated. For heavy particulate levels, it may be necessary to limit each filter to 
about 60 to 180 minutes sampling duration. Each individual responsible for sampling 
should work closely with the microscopist to attain as high as possible filter surface 
fiber densities (up to about 5 fibers/field), while avoiding filter surface background 
particulate levels that create very difficult or impossible counting conditions. if one 
has very little idea of airborne fiber and particulate levels, the best procedure is to 
take several long samples (as one 8-hour or two consecutive 4-hour samples) in con-
junction with several short samples (as four consecutive 2-hour or eight consecutive 
I-hour samples). If the longer samples prove very difficult to count, the microscopist 
will have the shorter samples to fall back on. 
From Figures 1 and 2, it can be seen that there are certain sampling times which 
will yield optimum fiber densities on the filter for almost all airborne fibes concen-
trations from 1 to 10 fibers/cm'. These optimum times have been calculated and are 
presented in Figure 4. Note that the optimum times given by Figure 4 arc approxi-
mate and can be varied by as much as et 25%. The nomogram is intended as a 
guide to be used where no prior knowledge of the air concentration is available. 
8.1.4 End of Sampling Period 
Remove the field monitor, replace the plastic top cover and the small end caps, and 
store the monitor. Always shut off the pump when changing monitors to avoid 
contaminating i ating or damaging the pump. Record the pump shutoff time and flow rate 
in the logbook. 
With each batch (25 to 50 filters) of samples sent for analysis. submit two unopened 
field monitors which have been subjected to the same treatment as the samples except 
that they were not exposed to the sampling environment. Label these as blanks. If 
the blanks yield fiber counts greater than S fibers/100 fields, then the entire sam- 
pling procedure should be examined carefully for the cause of contamination. The 
8.1.5 Blanks 
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sampling time = 
mounting solution of Section 8.2.1 should also be examined for contamination and/or 
crystal growth. 
8.1.6 Shipping 
The field monitors in which the samples are collected should be shipped in a rigid 
container with sufficient packing material to prevent crushing. 	• - 
8.1.7 Numbers of Samples 	• 
When sampling for the Federal ceiling standard of 10 fibers (>5 0m)/cm*, [29 CFR 
1910.1001(b) (3), effective July 7, 19721, only one sample (15 minutes maximum 
duration) is necessary, theoretically. However, several samples should be taken dur-
ing expected periods of peak air concentrations to allow for detection of gross sam-
pling or counting errors. 
When sampling for determination of noncompliance with the Federal 8-hour TWA 
• standard of 2 fibers (>51.m)/cre, [29 CFR 1910.1001(b) (2)1, one should contin- 
•uously sample as large a portion of the work day as is feasible for airborne concen-
trations of about 2 to 10 fibers/cm'. However, for a lower airborne concentration 
such as 0.5 fiber/em', one sample might require 4 to- 8 hours sampling time in order 
to get the proper filter fiber density (Section 8.1.3). For this situation, the 8-hour 
TWA exposure would be determined from one 8-hour or two 4-hour samples as ap-
propriate. 
8.2 Sample Preparation 
8.2.1 Preparation of Mounting Solution 
A very important part of the sample evaluation is the mounting process. This proc-
ess involves a special mounting medium of prescribed viscosity. The proper viscosity 
is important in order to expedite filter dissolving and still minimize particle migration. 
After the sample has been mounted, an elapsed time of approximately sixty minutes 
is needed before the sample is ready for evaluation. 
Combine the dimethyl phthalate and diethyl oxalate in a one to one ratio by volume 
and pour into a Wheaton balsam bottle. Add approximately 0.05 (= 0.005) grams 
of new membrane filter per milliliter of solution to reach the necessary viscosity. The 
mixture must be stirred periodically until the filters have dissolved and a homogeneous 
mixture is formed. The normal shelf life of the mounting solution is about three 
months. Twenty milliliters of mounting solution will prepare approximately 300 
samples. 
8.2.2 Sample Mounting 
Cleanliness is important! A dirty working area may result in sample contamination 
and erroneous counts. The following steps should be followed When mounting a sample. 
L Clean the slides and cover slips with lens tissue. Lay each slide down on a clean 
surface with the frosted end up. It is a good practice to rest one edge of the 
cover slip on the slide and the other edge on the working surface. By doing this. 
you keep the bottom surface (the one which contacts the filter) from becoming 
contaminated. 
2. Wipe all the mounting tools clean with lens tissue and place them on a clean surface 
(such as lens tissue). All tools should be wiped clean prior to mounting each sample. 
3. Using the glass rod supplied with the Wheaton balsam bottle, apply a drop of 
mounting solution onto the center of the slide. It may be necessary to adjust the 
quantity of solution so that after the cover slip has been placed on top, the solu-
tion extends only slightly beyond the filter boundary. If the quantity is greater than 
this, particle migration may occur. 
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4. Using another glass rod, spread the mounting media into a triangular shape. The 
size of this triangle should coincide with the dimension of the filter wedge. 
S. Separate the middle and bottom sections of the field monitor case to expose the 
filter. Cut a triangular wedge from the center to the edge of the filter using the 
scalpel. The size of the wedge should approximate one-eighth of the filter.surface. 
The filter can be very carefully removed from the cassette for cutting, but this 
should only be done with great care. • 
6. Grasp the filter wedge with the tweezers on the perimeter of the filter which was 
clamped between the monitor case sections. Do not touch the filter with your 
fingers. Place the wedge, sample side up, upon the mounting medium. 
7. Pick up a clean cover slip with tweezers and carefully place it on the filter wedge. 
Once this contact has been made, do not reposition the cover slip. 
8. Label the slide with the sample number and current date before proceeding to the 
next filter. On the bottom (backside) of the slide, trace the perimeter of the filter 
wedge with a felt tip marking pen. This will enable the counter, after the filter 
has become transparent, to stay within the filter perimeter when counting. 
9. The sample should become transparent within fifteen minutes. If the filter appears 
cloudy, it may be necessary to press very lightly cn the cover slip. This is rarely 
necessary; however, counting should not be started until an hour after the mount-
ing. This allows the microscopic texture of the filter to become invisible to micro-
scope viewing. 
10. Discard the sample mount after two days if it has not been counted. Crystals 
appearing similar to asbestos fibers may begin to grow at the mounting media fair 
interfaces. They seldom present any problems if the slide is examined before two 
days. In any case, stay away from the filter's edges when counting and sizing. 
8.3 Counting of Fibers 
8.3.1 Place the slide on the mechanical stage Of the microscope and position the center of 
the wedge under the objective lens and focus upon the sample. Start counting from 
one end of the wedge and progress along a radial line to the other end (count in 
either direction from perimeter to wedge tip). Random fields are selected, without 
looking into the eyepieces, by slightly advancing the slide in one directicn with the 
mechanical stage control. 
8_3.2 It is essential to continually scan over a range of focal planes (generally the upper 
10 to 15 micrometers of the filter surface) with the fine focus control during each 
field count. This is especially necessary for asbestos fibers due to their impaction 
into the filter matrix. 
8.3.3 On most airborne samples, asbestos fibers will generally have fiber diameters less than 
one micrometer. Therefore, it is necessary to look carefully for faint fiber images. 
8.3.4 Regularly check phase ring alignment. 
8.3.5 When an agglomerate (mass of material) covers a significant portion of the field of 
view (approx 1/6 or greater) reject the held and select another. (Do not include 
it in the number of fields counted.) However, report the fact as it may have meaning 
on other data collection. 
8.3.6 Bundles of fibers are counted as one fiber unless both ends of the fiber can be 
clearly resolved. 
8.3.7 Count only fibers with a length to width ratio greater than or equal to 3:1. 
8.3.8 Count only fibers greater than 5 micrometers in length. (Be as accurate as possible 
in accepting fibers near this length.) Measure curved fibers along the curve to esti- 
mate the total length. 
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8.3.9 Count as many fields as necessary to yield a total count of at least 100 fibers. Ex-
ceptions: a) count at least 20 fields even if you count more than 100 fibers, and b) stop 
• 	at 100 fields even if you haven't reached 100 fibers. ' 
8.3.10 For fibers that cross tither one or two sides of the counting field, the following pro-
cedure is used to obtain a representative count. 
COUNT any fiber greater than 5 micrometers in length, that lies entirely within the 
counting area. COUNT as "1/2 fiber" any fiber with only one end lying within the 
counting area. DO NOT COUNT any fiber crossing any two sides. 
Reject and do not count all other fibers. Refer to Figures 5 through 10. Note that the 
fibers in Figures 5 through 10 are not representative of the appearance of most as-
bestos fibers. Most fibers have a very faint image. 
9. Calibration and Standards 
9.1 Sampling Train Calibration 	• 
The accurate calibration of the sampling pump is essential to the correct calculation of the 
air volume sampled. The frequency of calibration is dependent on the use, care, and hand-
ling to which the pump is subjected. Pumps must be recalibrated if they have just been 
repaired, misused, or received from the manufacturer. If the pump receives hard usage, more 
frequent calibration may be necessary. Ordinarily, pumps should be calibrated in the labora-
tory both before they are used in the field and after they have been used to collect a large 
number of field samples. 
The accuracy of calibration is dependent upon the type of instrument used as a reference. 
The choice of a calibration instrument will depend largely on where the calibration is per-
formed. For laboratory testing, a 1-liter buret used as a soap bubble flow meter or wet-test 
meter is recommended. Other standard calibrating instruments, such as a spirometer. Mar-
riott's bottle, or dry gas meter can be used. The calibration should be of sufficient precision 
that the 95% confidence limits on the flow rate are at 10%  (95% of the flow rates will 
fall within at 10% of the calibrated value). 
Instructions for calibration with the soap bubble flow meter follow. The sampling train used 
(pump, hose, filter cassette) in the pump calibration should be the same as the one used in 
the field. 
9.1.1 Check the voltage of the pump battery with a voltmeter both with the pump off and 
while it is operating to assure adequate voltage for calibration. If necessary, charge 
the battery to manufacturer's specifications. 
9.1.2 Fill a beaker with 30 ml of soap solution. 
9.1.3 Connect the filter cassette inlet to the top of the buret with a length of hose. 
9.1.4 Turn the pump on and moisten the inside of the soap bubble meter by immersing the 
open end of the buret into the soap solution and drawing bubbles up the inside of the 
buret. Perform this task until the bubbles are able to travel the entire length of the 
buret without breaking. 
9.1.5 Adjust the pump rotameter to provide a flow between 1.5 to 2.5 fpm. 
9.1.6 With a water manometer, check that the pressure drop across the filter is less than 
13 inches of water (about 1 inch of mercury). 
9.1.7 Start a soap bubble up the buret and measure the time it takes for the bubble to travel 
a minimum volume of 1 liter. 
9.1.8 Repeat the procedure in 9.1.7 at least three times, average the results, and cakulate 
the calibrated flow rate by dividing the volume traveled by the soap bubble by the 
elapsed time. If the range between the highest and lowest of the three flow rates is 
greater than about 0.33 1pm, then the calibration should be repeated since it is likely 
that the precision is not adequate. 
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9.1.9 Data required for the calibration include the volume measured, elapsed time, pressure 
drop, air temperature, atmospheric pressure (or elevation), pump serial number, date. 
and name of person performing the calibration. 
9.1.10 Corrections to the flow rate for pumps with rotameters may be necessary. if the pres-
sure (elevation) or temperature where the samples are collected (actual flow rate) 
differs significantly from that where the calibration was performed (indicated flow rate). 
Actual flow rates at time of sampling may be calculated for a linear scale rotarneter by 
using the following correction formula: 
0 actual indicated 
P T sews! • 
Tag P actual 
where both pressure (P) and temperature (T) are in absolute units such as: 
pia 	I= psig + 14.7 
deg Rankin = deg Fahrenheit + 460 
deg Kelvin = deg Celsius + 273 
9.2 Microscope Setup 
9.2.1 Porton Reticle and the Counting Field 
The asbestos fiber count procedure consists of comparing fiber length to the diam-
eters of calibrated circles of a Porton reticle, and counting all fibers greater than 
5 micrometers in length lying within a given counting field area. The Porton reticle 
is a glass plate inscribed with a series of circles and rectangles. The left half of the 
reticle is divided into six rectangles constituting the counting field. The counting field 
is illustrated in Figures 5 through 10. 
9.2.2 Placement in Eyepiece 
The Porton reticle is placed inside the Huygenian eyepiece where it rests on the field-
limiting diaphragm. If other types of eyepieces are used, it may be necessary to insert 
a counting collar for retaining the reticle. The reticle should always be kept clean, 
since dirt on the reticle is in focus and could complicate the counting and sizing 
process. 
9.2.3 Stage Micrometer 
The Porton reticle cannot be used for counting until it has been properly calibrated 
with a stage micrometer. Most stage micrometer scales are approximately two 
millimeters long and are divided into units of one-hundredth of a millimeter (ten 
micrometers). 
9.2.4 Microscope Adjustment 
When adjusting the microscope, follow the manufacturer's instructions while observing 
the following guidelines. 
1. The light source image must be in focus and centered on the condenser iris or 
annular diaphragm. . 
2. The particulate material to be examined must be in focus. 
3. The illuminator field iris must be in focus, centered on the sample, and opened only 
to the point where the held of view is illuminated. 
4. The phase rings (annular diaphragm and phase-shifting elements) must be con-
centric. 
9.2.5 Porton Reticle Calibration Procedure 
Each eyepiece-objective-reticle combination on the microscope must be calibrated. 
Should any of the three be changed (disassembly, replacement, zoom adjustment, etc.), 
the combination must be recalibrated. Calibration may change / if interpupillary dis- 
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Lance is changed. For proper calibration, the following procedure should be followed 
closely. 
With a 10X objective in place, place the stage Micrometer on the mechanical 
stage, fetus the millimeter scale, and center the image. Change to the 40-45X objec-
tive and adjust the first millimeter scale division to coincide with the left bouecNry of 
the Porton rectangle. Measure the distance between the left and extreme right bound-
aries of the Porton rectangle, estimating any portion of the final division. This meas-
urement represents 200 L units. The rectangle is 100 L units on the short vertical 
dimension. The calculated "L" is inserted into the formula D = L(2)" 2 where "N 
is the circle number (indicated on the reticle) and "D" is the circle diameter. Since 
the circle diameters vary logarithmically, every other circle doubles in diameter. For 
example, circle number three is twice the diameter of number one; number four is twice 
the diameter of number two. When the circle sixes have been determined, the count-
ing field area which consists of the left six smaller rectangles can be calculated from 
the relation 10,000 L 2. This completes the reticle calibration for this sp ecific objec-
the-eyepiece-reticle combination. 
Example for Porton Reticle 
The following calibration was obtained for a pair of IOX Huygenian eyepieces and a 
43X objective: . 
200 L = 0.148 mm = 148 micrometers 
100 L = 0.074 mm = 74 micrometers 
One Li-unit = 0.74 micrometers 
Thus Circle #1 has a diameter D = L(2`)" 2 = 0.74(2 1 ) 1 ' 2 = 0.74 (1.414) = 1.05 
micrometers. 
Then our circle diameter calibration table looks like: 
Diameter of Circle #1 = 1.05 micrometers 
#2 = 1.48 
#3 = 2.09 
#4 us 2.96 
#5 Ist 4.19 
#6 = 5.92 
Field area = (10,000) (L 2) = (l00 L) (100 L) = (0.074) (0.074) = 0.0055 
mm= 
Thus fibers with a length greater than a distance halfway between the diameters of 
the #5 and #6 circles would be counted. 
If a Patterson Globe and Circle reticle is used, a different calculation procedure is 
required. The circle diameters are related as follows. The #25 circle diameter is 
(0.1) (reticle length). 
The circle diameters are proportional to the ratio of their numbers. Thus the #20 
circle diameter is (20/25) or 0.8 times the #25 circle diameter. 
10. Calculations 
10.1 The average airborne asbestos fiber concentration estimated by the filter sample may be 
calculated from the following formula: 
AC
((PH/FL) — (BFB 13FL)) (ECA)  
IC (1000) (FR) (T) (MFA) 
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where: 
AC = Airborne fiber concentration in (fibers > 5 FM)/C1711. 
BFB = Total number of fibers counted in the BFL fields of the blank or control filters 
in fibers > 5 FM. 
BFL = Total number of fields counted on the blank or control filters. . 
ECA = Effective collecting area of filter (855 mm2 for a 37-mm filter with effective di-
ameter of 33 mm). 
FR = Pump flow rate in liters/min (1p:n). 
FB 	= Total number of fibers counted in the FL fields in fibers > 5 p.m. 
FL = Total number of fields counted on the filter. 
MFA = Microscope count field area in mm' (generally 0.003 to 0.006). 
T 	= Sample collection time in minutes. 
10.2 Recount criteria. It is very desirable for a counter to conduct a "blind recount" for about 
1 in every 10 filter wedges (slides) counted. Alternatively, a second counter could perform 
the blind recount. In training sessions for novice counters, the trainee should conduct a blind 
recount for filter wedges counted by an experienced, proficient counter. In all cases, we will 
observe differences between the first and second counts of the same filter wedge. Most of 
these differences will be due to chance alone, that is, due to the random variability (precision) 
of the count method. Statistical recount criteria enable us to decide whether observed dif-
ferences can reasonably be explained due to chance alone or are probably due to systematic 
differences between counters or microscopes or due to some other biasing factor. 
The following recount criterion is for a pair of counts that estimate some airborne fiber con-
centration (AC) in fibers/cm'. The criterion is given at the type-I error level. That is, 
there is a 5% maximum risk that we will reject a pair of counts for the reason that one 
might be biased, when the large observed difference is really due to chance. 
Reject a pair of counts because one might be biased if: 
(AC: — AC,) exceeds 2.77(AC)(CV 2-8) 
where: 
AC, = lower estimated airborne fiber concentration 
AC: = higher estimated airborne fiber concentration 
AC = average of the two airborne concentration estimates 
CVE"- K = average CV for the two concentration estimates which are a function of the total 
fiber count (FB) in each case. Use the relation in Section 4 or Figure 3. 
For a pair of counts on the same filter, reject the pair because one might be biased if: 
(F/3: — FB,) exceeds 2.77(FB)(CV;) 
where: 
FB I = lower fiber count on the filter (total fibers) 
FB:  = higher fiber count on the filter (total fibers) 
FB = average of the two total fiber counts 
CVrit 	CVT for the value FB. Use the relation in Section 4 or Figure 3. 
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LIST OF FIGURES 
(S through 10) 
FIGURE 5. DO NOT COUNT. Fiber crosses top and bottom sides. 
FIGURE 6. COUNT. One fiber. 
FIGURE 7. COUNT. One-half fiber. Fiber crosses left side and one end lies within count area. 
FIGURE 8. COUNT. One-half fiber. Fiber crosses bottom side and cne end lies within count 
SLIM 
FIGURE 9. DO NOT COUNT. Fiber crosses two sides. 
FIGURE 10. DO NOT COUNT. Fiber crosses two sides (bottom left corner). 
COUNT. One-half fiber. Fiber crosses bottom side and one end lies aithin count area. 
COUNT. One fiber (top right corner). 
AIR SAMPLING SURVEY 
UNIVERSITY OF GEORGIA 
ATHENS, GEORGIA 
PROJECT NO. A-3323-005 
Prepared for 
GEMCO Construction Company, Inc. 
Trilby, Florida 
GEORGIA INSTITUTE OF TECHNOLOGY 
Engineering Experiment Station 
Environmental Health & Safety Division 
Atlanta, Georgia 30332 
September 15, 1983 
AIR SAMPLING SURVEY 
UNIVERSITY OF GEORGIA 
ATHENS, GEORGIA 
PROJECT NO. A-3323-005 
INTRODUCTION 
The Georgia Tech Research Institute performed industrial hygiene sampling 
during the removal of existing acoustical ceiling material in Russell Hall, Brumby 
Hall, Hill Hall and Creswell Hall. In addition samples were taken during the 
removal of material from a boiler room in Bolton Hall. Air sampling was 
performed by Mr. Brent Bailey and other Georgia Tech EES staff members, during 
the period of June 17 - August 23, 1983 at the request of Mr. J. Wayne Simpson of 
Gemco Construction Company on June 3, 1983. All analyses were performed by 
Georgia Tech's Environmental Laboratory within 12 hours of sampling and the 
results reported to Mr. W. C. Willis of Gemco Construction Company. The 
following report summarizes the results of sampling and analyses including 
conclusions and discussion of findings. The results of air sampling are included in 
Appendix A. A copy of the analytical method employed is attached as Appendix B. 
Appendix C contains copies of the Occupational Safety and Health Administration 
(OSHA) asbestos standard and the Environmental Protection Agency (EPA) asbestos 
standard. 
CONCLUSIONS AND RESULTS 
1. Work area samples taken during the removal of asbestos-containing 
acoustical ceiling material indicated fiber concentrations that were not in 
excess of OSHA asbestos standard of 2 fibers*/cc, but did exceed the NIOSH 
recommended standard of 0.1 fibers*/cc. Ninety-nine work area samples 
were taken during the eight week period. Ninety-three samples had a 
concentration of 0.1 fibers*/cc. Six (6) samples had a concentration of 0.1 
fibers*/cc with the high sample having a concentration of 0.52 fibers*/cc. 
2. The results of the area samples taken outside the work area but inside the 
building ranged from less than 0.01 to 0.02 fibers*/cc. The results of the 
area samples taken outside the building were 0.01 fibers*/cc and under with 
the exception of one sample with a count of 0.05 fibers*/cc. 
3. Air sampling conducted, after all removal and clean-up activities were 
completed in each work area, indicated fiber concentrations below the OSHA 
asbestos standard and the NIOSH recommended standard. 
4. The OSHA asbestos standard contains a requirement for full-shift personal 
monitoring to determine the 8-hour, time-weighted average airborn 
*Fibers greater than 5 micrometers in length 
concentrations and ceiling concentrations of asbestos fibers*. On future 
asbestos abatement projects, it is recommended that full-shift personal 
monitoring be conducted. 
5. 	The NIOSH method P & CAM No. 239 was used to analyze the fiber* 
concentrations listed in this report. This method does not determine a fiber 
concentration of fibers shorter than 5 micrometers in length or thinner than 
0.3 micrometers. Strong evidence exists that these short or thin fibers 
present the greatest threat to those people exposed. To determine the 
concentration of fibers such as these, analysis must be conducted using an 
electron microscope. While the cost of this analysis ($300 - $400 per sample) 
is prohibitive for analyzing all samples, it is suggested that, on future 
asbestos abatement projects, the University have samples taken before and 
after removal and analyzed by electron microscopy, to determine the fiber 
count of fibers less than 5 micrometers in length or thinner than 0.3 
micrometers in addition to those fibers greater than 5 micrometers. 
DESCRIPTION OF FACILITY 
Russell, Brumby, Creswell, and Hill Halls are dormitories located on the 
campus of the University of Georgia in Athens, Georgia. Typical plans at each 
dorm are included in figures 1-16. Figures 1-7 are plans of Creswell Hall, Figures 
8-12 are plans of Russell Hall, Figures 13-14 are plans of Hill Hall, and Figures 15-
16 are plans of Brumby Hall. 
Acoustical ceiling material was to be removed from floors 2-9 of Russell 
Hall, floors 2-9 of Brumby Hall, plus a rotunda, floors 1,5,6,7 and 8 of Creswell 
Hall, and all four floors of Hill Hall. The work area was located on these floors 
with material and personnel transport provided by an elevator with access to the 
ground floor. All of these areas were considered "contaminated" areas. 
DISCUSSION OF FINDINGS 
A survey of protocol was designed to meet the requirements of the asbestos 
removal contract between Gemco Construction Company and the University of 
Georgia. Air sampling was conducted during and after removal activities to 
determine airborne filter concentrations. All air samples were collected and 
analyzed as described in the National Institute for Occupational Safety and Health 
(NIOSH) method P & CAM No. 239. To provide prompt results, samples were 
analyzed within 12 hours at Georgia Tech's Engineering Experiment Station in 
Atlanta, Georgia. 
During removal activities, 102 work area samples were taken, generally two 
per floor on each day of sampling. Fifty-one samples were taken outside the 
building while removal was in progress. Fifty samples were taken inside the 
building but outside the work area to determine if a significant number of fibers 
were being emitted from the work area. 
*Fibers greater than 5 micrometers in length 
After removal and clean-up, 63 samples were taken to determine the post-
work fiber* count. The level of less than 0.05 fibers*/cc had been established by 
the University as acceptable for re-entry and occupancy. One (1) of the 63 sample 
results exceeded this count and the area was cleaned a second time. Repeat 
samples, afterwards, indicated fiber* counts had been reduced below 0.05 
fibers*/cc. 
This report prepared by: 
Kenneth E. Johnson, CSP 
Leader, Safety Group 
This report reviewed by: 
James L. Burson, CIH, CSP 
Chief, Environmental Health and 
Safety Division 
*Fibers greater than 5 micrometers in length. 
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PROCEDURES FOR FIBER COUNTING BY MICROSCOPY 
SAMPLE PREPARATION  
Preparation of the Mounting Solution 
Combine in a one-to-one ratio (by volume) dimethyl phthalate and diethyl oxalate 
and pour into a Wheaton balsam bottle. The viscosity of the solution must then be 
adjusted; if the mixture is too "thin" the solution will cause the movement of the 
fibers on the filter; if it is too "thick" the filters will not dissolve completely. The 
viscosity is adjusted by adding blank filters to the solution. The number of filters 
to add is based on the amount of solution prepared; approximately 0.05 + 0.005 
grams of new membrance filter per milliliter of solution. Use 10 ml each reagent, 
1.2 g of MCEF membranes. The resulting solution should appear about as viscous 
as molasses. The normal shelf life of the solution is about three months. Twenty 
ml of mounting solution will prepare approximately 300 samples. 
Sample Mounting 
1. Clean the slides and cover slips with lens tissue. Lay each slide down on a 
clean surface with the frosted end up. It is a good practice to rest one edge 
of the cover slip on the slide and the other edge on the working surface. By 
doing this, you keep the bottom surface (the one which contacts the filter) 
from becoming contaminated. 
2. Wipe all the mounting tools clean with lens tissue and place them on a clean 
surface (such as lens tissue). 	All tools should be wiped clean prior to 
mounting each sample. 
3. Using the glass rod supplied with the Wheaton balsam bottle, apply a drop of 
mounting solution onto the center of the slide. It may be necessary to adjust 
the quantity of the solution so that after the cover slip has been placed on 
top, the solution extends only slightly beyond the filter boundry. 	if the 
quantity is greater than this particle migration may occur. 
4. Using another glass rod, spread the mounting media into a triangular shape. 
The size of the triangle should coincide with the dimension of the filter 
wedge. 
5. Separate the middle and bottom sections of the cassette to expose the filter. 
Cut a triangular wedge from the center to the edge of the filter using the 
scalpel. The size of the wedge should approximate one-eighth of the filter 
surface. The filter should not be removed from the cassette for cutting. 
6. Grasp the filter wedge with the tweezers on the perimeter of the filter which 
was clamped betwen the cassette sections. DO NOT TOUCH THE FILTER 
WITH YOUR FINGERS. Place the wedge, SAMPLE SIDE UP, upon the 
mounting solution. 
7. Pick up a clean cover slip with tweezers and carefully place it on the filter 
wedge. Once contact has been made, DO NOT REPOSITION THE COVER 
SLIP. 
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8. Label the slide with the sample number before preceeding to the next filter. 
On the bottom (backside) of the slide, trace the perimeter of the filter wedge 
with a felt tip marking pen. This will enable the counter, after the filter has 
become transparent, to stay within the filter perimeter when counting. 
9. The sample should become transparent within about 15 minutes. If the filter 
appears cloudy, it may be necessary to press VERY LIGHTLY, on the cover 
slip. This is rarely necessary; however, counting should not be started until 
an hour after the mounting. 
10. Samples should be counted within two days of mounting. Crystals appearing 
similar to asbestos fibers may begin to grow at the mounting media/air 
interfaces. 
COUNTING OF FIBERS 
1. Place the slide on the mechanical stage of the microscope and position the 
center of the wedge under the objective lens and focus upon the sample. 
Start counting from one end of the wedge and progress along a radial line to 
the other end (count in either direction from perimeter to filter tip). Stay 
away from the filter's edges when counting and sizing. Random fields are 
selected, without looking into the eyepieces, by slightly advancing the slide in 
one direction with the mechanical stage control. 
2. It is essential to continually scan over a range of focal planes (generally the 
upper 10 to 15 micrometers of the filter surface) with the fine focus control 
during each field count. This is especially necessary for asbestos fibers due 
to their impaction into the filter matrix. 
3. On most airborne samples, asbestos fibers will generally have fiber diameters 
less than one micrometer. Therefore, it is necessary to look carefully for 
faint fiber images. 
4. Regularly check the phase ring alignment. 
5. When a mass of material covers a significant portion of the field of view 
(about one-sixth or greater) reject the field and select another. (Do not 
include in the number of fields counted.) However, report the fact as it may 
have meaning on other data collection. 
6. Bundles of fibers are counted as one fiber unless both ends of the fiber can be 
clearly resolved. 
7. Count only fibers with a length to width ration greater than or equal to 3:1. 
8. Count only fibers greater than 5 micrometers in length. Measure curved 
fibers along the curve to estimate the total length. 
9. Count as many fields as necessary to yield a total count of a least 100 fibers. 
EXCEPTIONS: a). count at least 20 fields even if you count more than 100 
fibers, and b). stop at 100 fields even if you haven't reached 100 fibers. 
10. 	Rules for selecting fibers to be counted: a). COUNT any fiber greater than 5 
micrometers in length, that lies entirely within the counting area, b). 
COUNT as "I fiber" any fiber with only one end lying within the counting 
area, and c). DO NOT COUNT any fiber crossing any two sides of the 
counting area. 
CALCULATIONS AND RECORDKEEPING 
1. The following data must be recorded in the microscopy data book: a). name 
of client, b). date of analysis, c). sample number, d). initials of person 
performing the analysis, e). total number of fibers counted, f). total number 
of fields counted, g). air volume (if supplied), h). fibers per filter, and i). 
fibers per cubic centimeter of air (if applicable). Additionally, any comments 
or notes should be recorded. Also a notation should be made if any deviations 
from the standard procedure were made. 
2. To calculate total fibers per filter: 
fiber/filter = (11 of fibers counted/number of fields) (fields/filter) 
3. To calculate fibers per cubic centimeter of air: 
fibers/cc = (11 of fibers per filter)/((liters of air sampled)(1000)) 
QUALITY CONTROL 
1. Approximately one blank should be submitted for every 20 samples. 
2. Approximately one filter out of every ten should be selected for recounting. 
For a pair of counts on the same filter, reject both values because one might 
be biased if: 
(FB2 - FB1) exceeds 2.77 (Fe)(CVTEP 
Where: 
FB1 = lower fiber count (total fibers) 
.632 = higher fiber count (total fibers) = average of the two total fiber counts 
CVFE= CVT for the value FB. Use the relation in figure 1. 
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Asbestos fibers 	 Method No.: 	PSCAM 239 
Air 	 Range: 	0.1-60 fibers/cm' 
Filter collection, 	 Precision (CVO: 0.24 to 0.38 	• 
microscopic count 
3/30/77. 	 Classification: 	D (Operational) 
ASBESTOS FIBERS IN AIR 
. National Institute for Occupational Safety and Health 
Analytical Method 
1. Principle of the Method 
1.1 This method describes the equipment and procedures for collecting, mounting, and counting 
asbestos fibers on cellulose ester membrane filters in the evaluation of personal samples of 
airborne asbestos fibers. The purpose of the method is to determine an employee's index of 
„ -,-,posure to airborne asbestos fibers. The method is primarily a personal monitoring tech-
nique, but can be used for area monitoring. 
1.2 The sample is collected by drawing air through a membrane filter by means of a battery 
powered personal sampling pump. The filter is transformed from an opaque solid membrane 
to a transparent optically homogeneous gel. The fibers are sized and counted using a phase-
contrast microscope at 400-450X magnification. 
1.3 Definitions. Asbestos fiber, for counting purposes, means a particulate which has a physical 
dimension longer than S micrometers and with a length to diameter ratio of 3 to 1 or greater. 
Asbestos includes chrysotile, cummingtonite-grunerite (amosite), crocidolite, fibrous tremo-
lite, fibrous anthophyllite, and fibrous actinolite. 
1.4 Any laboratory attempting to use this procedure should have at least one counter attend a 
training course conducted by an experienced, proficient laboratory. Novice, untutored counters, 
using only published instructions, can easily obtain counts of half those performed by experi-
enced, proficient counters. Large differences between laboratories can be caused by 1) dif-
ferences in technique and observing ability among counters and 2) small, but significant, dif-
ferences between microscopes meeting the basic specifications of Section 6.2. The following 
procedures are recommended: 
1.4.1 All microscopists who perform asbestos counting should meet together for an "asbestos 
counting workshop" at least quarterly. This is best accomplished with counters from 
several laboratories using their own microscopes. 
1.4.2 Each microscopist should count the same series of slides and with the results being 
compared. 
1.4.3 Differences between counters should be resolved with side-by-side counting of the 
fields by the different counters. 
1.4.4 Individuals who are found to be persistent outliers over several sessions should be 
encouraged to seek other tasks in their respective laboratories. 	• 
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2. Range and Sensitivity 
2.1 The usable range is primarily a function of sample volume, microscope count field area, and 
background airborne particulates. The influence of these variables is discussed in 8.1.3. For 
a microscope count field area of 0.003 mm' (see Figure 1) and a pump Sow rate of 1.7 1pm, 
the optimal fiber densities would be produced over the range of 0.4 fiber/em' (8-hour sam-
ple) to about 60 Ebers/cm 2 (15-minute sample). For a field area of 0.006 mm' (set Figure 
2) and a pump flow rate of 1.7 1pm, the optimal range is 0.2 fiber/em' (8-hour sample) to 
about 30 fibers/cm' (IS-minute sample). In each case, the optimal detection limits are in- 
. 	verse!), proportional to pump flow rate. 
The upper detection limit can be extended by using sample times less than 15 minutes or using 
lower flow rates. The lower deteCtion limit can be extended by increasing the flow rate up 
to about 2..5 1pm. Filter surface fiber densities less than optimal (less than about 0.5 to 1.0 
fiber per count field) are still adequate, but will lead to decreased precision for the method (in-
creased coefficient of variation, see St.ion. 4). 
The minimum total fiber count in 100 fields considered adequate for reliable quantitation 
is 10 fibers. Thus, the lower limit of reliable quantitation is 0.1 fiber/cm' (100,000 fibers/ 
m'). For this level, a flow rate of about 2.5 1pm is recommended. For a field area of 
0.003 mm', the minimum sample time would be about 2 hours. For a field area of 0.006 
mm', the minimum sample time would be about I hour. 
2.2 This method considers only fibers with a length to diameter ratio of 3 to 1 or greater and a 
length greater than 5 micrometers. 
3. Interferences 
In an atmosphere known to contain asbestos, all particulates with a length to diameter ratio of 3 
to 1 or greater, and a length greater than 5 micrometers should, in the absence of other information, 
be considered to be asbestos fibers and counted as such. 
4. Precision and Accuracy 
4.1 In the past decade, there have appeared a number of articles examining sources of variation 
in the asbestos sampling and counting procedure. These include: Lynch et al. (11.1), Weid-
ner and Ayer (11.2), Conway and Holland (11.3), Leidel and Busch (11.4), Beckett and 
Airfield (11.5), and Rajhans and Bragg (11.6). The sources of variation will be discussed 
by stages in the membrane filter evaluation procedure. 
4.2 Sources of Variation in the Sampling Process. These include variations in pump flow rate, 
proximity of the filter to the employee's body, and filter location (left to right) in the em-
ployee's breathing zone. 
4.2.1 Section 9.1 requires that the personal sampling pump be calibrated with sufficient 
accuracy such that the 95% confidence limits on the flow rate are = 10%. This is 
equivalent to a coefficient of variation (CV) of about 5%. However, this CV makes 
a negligible contribution to the total CV for the method due to the relatively large CV 
of the counting procedure. 
4.2.2 Conway and Holland (11.3) concluded that positioning of the filter cassette on the 
wearer (regarding the angular portions of the filter and their proximity to the wearer) 
is not a significant factor in determining the fiber distribution on filters. 
4.2.3 Weidner and Ayer (11.2) concluded that there is no appreciable difference between 
samples collected on either the right or left sides of a breathing zone or between 
samples collected side-by-side, especially for samples with concentrations less than 2.5 
fibers/cm'. 
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4.3 Sources of Variation In the Counting Procedure 
4.3.1 Random variations exist in the fiber distribution on a filter wedge (intra-Wedge vari-
ability). The industrial hygiene literature has sten considerable debate in the last 
20 years concerning whether or not the distribution of mineral dust or asbestos fibers 
on a filter surface is adequately described by a Poisson distribution probability density 
function. Leidel and Busch (11.4) found excellent agreement between empirical 
error variance and theoretical variance calculated from the assumption of Poisson dis-
tributed true counts. They concluded that there was not excessive variation among 
count fields for a filter wedge and that clumping of fibers (non-random coalescence) 
did not occur. 
4.3.2 Variations exist in the fiber distribution on the total filter surface (inter-wedge vari-
ability) due to the random or non-random distribution of fibers across the total sur-
face of the filter. This type of variation is easily confused with intra-wedge variations. 
The count procedure does not require counting of multiple sectors of the filter. There 
may be significant differences between average counts for different wedges, or the fiber 
distribution variations for the total filter surface may be greater than the variations of 
the Poisson distribution. If either of these occur experimentally, one must use the 
experimental variations to estimate the minimum precision of the count procedure. 
The minimum precision is governed by the variations of the fiber distribution on the 
total surface of the filter. • 
Conway and Holland (11.3) concluded the distribution of fibers on filters is not uni-
form and the distribution of fiber counts is more disperse than Poisson. For their 
filters which had significant variations in fiber concentrations between sectors (as much 
as 50-60% of the total filter mean), they described the following relation for the 
standard deviation of the total number of fibers counted on a wedge (N) 
empirical s(N) = 1.6 (N)" 2 
where N is about 100. The Poisson standard deviation would be: 
. Poisson • (N) 	(N)": 
Rajhans and Bragg (11.6) in Series I of their study found significant variation between 
filter segments and rejected the Poisson distribution for the total filter surface. How-
ever, in Series II of their study, utilizing various experimental modifications, they found 
no significant variation between filter segments and no reason to reject the assumption 
of Poisson distributed fiber counts. 
4.3.3 Systematic variations due to differences between microscopes were studied by Leidel 
and Busch (11.4). In their study using five different brands of microscopes. they found 
no significant differences among four, but the -fifth gave counts approximately 45% 
higher on the average than the other four. 
4.3.4 Variations due to differences between counters should be examined at three levels: 
experienced counters occasionally counting, experienced counters routinely counting. 
and inexperienced (new or untutored) counters. Leidel and Busch (11.4) studied five 
experienced counters, with one counting only occasionally. There were no significant 
differences among three of the counters, but a fourth was 36% lower than the first 
three. The fifth, who occasionally counted, averaged 27% higher than the first three. 
Conway and Holland (11.3) studied three experienced counters and three inexperienced 
counters. They found statistically significant differences between the means of both the 
experienced and inexperienced counters that typically were in the range plus or minus 
5 to 15%. They concluded that experience as a fiber counter is not a significant 
parameter affecting intercounter variations. 
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Rajhans and Bragg (11.6) found - no significant differences among means of five experi-
enced counters in Series I of their study. But in their carefully controlled Series II, an 
analysis of variance showed significant variations between counters that were plus or 
minus 1 to 15%. 
4.3.5 Variations between laboratories are most likely due to systematic biases and are not 
a significant additional source of random variations. Any additional variations are 
most likely due to differences in counting technique. Beckett and Attfield (11.5) ob-
served that standard counters improved greatly after personal instruction; also new 
counters, after instruction, tended to overcompensate and get exceedingly high counts. 
Additionally, they found that counts from an experienced laboratory that had not had 
contact with other laboratories performing the same analysis were as far from the 
standard values as were the counts by new counters. 
4.4 Sources of variations between samples taken at different times on one employee eluting one 
work shift can affect the exposure estimate for that employee. These are primarily due to 
a) differences in exposure concentrations during the day, b) differences in location of the 
employee within the plant, and c) differences in work operation performed by the employee 
during the day. These sources of variation can be controlled by proper choice of sampling 
strategy. Refer to Leidel and Busch (11.7) and Leidel, Busch, and Lynch (11.8) for an 
extended discussion of sampling strategies. Interday temporal variations can affect the ex-
posure estimates obtained on different days. Refer to Leidel, Busch, and Crouse (11.9) for a 
discussion of this type of variation. 
4.5 Until recently, the total coefficient of variation (CV T) for the sampling and counting proce-
dure was best estimated from the work of Conway ar.d Holland (11.3). The conclusions 
of their study included: 
4.5.1 The precision of their procedure for filters not containing an abundance of fine 
fibers can be estimated by a 'coefficient of variation of 16.2%. This value includes 
variation among counters and observed interaction effects. 
4.5.2 The accuracy of the procedure for similar filters may be estimated for a 100-fiber 
count by a coefficient of variation of 21.4%. This assumes that the contribution 
of the overall variance from the nonuniform fiber distribution is additive. 
4.5.3 A high percentage of very fine fibers on the filter can significantly affect the standard 
deviation and confidence limits for counts by different counters. After combining 
variations in fiber concentrations over the entire filter with those for different counters, 
it was concluded: 
a. For filters with a low concentration of fine fibers, the coefficient of variation 
is estimated at 21% and the 95% confidence interval is 	43%. 
b. For filters with a high concentration of fine fibers, the coefficient of variation 
is estimated at 25% and the 95% confidence interval is 	50%. 
Lynch, Kronoveter, and Leidel (11.1) have also reported on variations of the method. 
Their intralaboratory study utilized the data from a large number of dust counts made 
by different methods by experienced counters over a period of years in an epiderniologic 
study of the asbestos products industry. They concluded that the standard deviation of 
counts of fibers longer than 5 micrometers on membrane filters could be estimated 
from the relation o = (N)' "J. Thus for counts of about 100 fibers, the coefficient of 
variation could be estimated at about 15.2% and the 95% confidence limits at =- 
30.4%. These values are lower than the values reported by Conway and Holland 
(11.3). 
Recently, the Johns-Manville Corporation conducted an in-house investigation of the 
asbestos count method (11.10). The study data contained total fiber counts (or c,:r; 
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100 filters with each filter counted by two to five counters. From the Johns-Manville 
data, NIOSH calculated over 100 estimates of the count CV for the method (11.11). 
The NIOSH CV estimates included random intrafilter variations and intercounter 
variations, but did not include random pump flow rate variations. It was found that 
the count coefficient of variation (all random variations except for pump variations) 
was a function of the total fiber count. NIOSH then included a CV of 0.05 for ran-
dom pump variations (see Section 9.1) in the CV-estimator equation to obtain a 
CVT-estimator. The CV =-estimator line is plotted on Figure 3 for total fiber counts in 
the range 10 to 100 fibers. Or the following equation can be used: 
CV= = lantilog io(-0.215 — 0.203 (log,,,FB)) + 0.00251: 
where FB is total fiber count as discussed in Section 10. 
Figure 3 demonstrates that for a total fiber count of 100, the best CV = is attainable with 
the appropriate sampling times given in 8.1.3 and the count rules in 8.3.9. When 
making decisions regarding compliance With the OSHA asbestos exposure standards in 
29 CFR 1910.1001, the statistical procedures given in LeideI et al. (11.11) should be 
followed. The procedures are based on statistical theory and assumptions given in 
References 11.12, 11.13. • 
Because of the possibility of systematic biases due to differences between microscopes, 
counters, and laboratories as discussed above, it is strongly recommended that any 
laboratory counting asbestos should participate in an interlaboratory quality control 
program that includes the counting of standard reference filters. These standard filters 
are available from NIOSH through the Proficiency Analytical Testing (PAT) Pro-
gram. The PAT Program is used by the American Industrial Hygiene Association 
(AIHA) as part of its Laboratory Accreditation Program. Each laborator•'s quality 
control program must include protocols for routinely adjusting and calibrating sampling 
and counting equipment plus training and evaluation programs for counters. 
5. Advantages and Disadvantages of the Method 
5.1 The method is intended to give an index of employee exposure to airborne asbestos fibers 
of specified dimensional characteristics. 
5.2 It is not meant to count all asbestos fibers in all size ranges or to differentiate asbestos from 
other fibrous particulates. 
6. Apparatus 
6.1 Sampling Equipment 
The personal sampling equipment train consists of 1) personal sampling pump, 2) tubing. 
3) clothing spring clip, 4) tubing-to-field monitor metal adaptor, and 5) field monitor (filter 
and holder). . 
6.1.1 Personal Sampling Pump. The pump must be capable of sampling at 1.0 to 2.5 liters 
per minute (tpm) against a flow resistance of 7.5 inches of water (1.4 cm Hg) for 8 
continuous hours on a fully charged battery. 
6.1.2 Tubing. Laboratory tubing such as rubber or plastic with 6-mm bore and about 100 
cm length. 
6.1.3 Clothing Spring Clip. The clip attaches the rubber tubing to the lapel or shin of the 
individual being monitored. 
6.1.4 Tubing - to- field Monitor Adaptor. A short metal adaptor with ridges on one end to 
grip the inside of the tubing. The other end is designed for a pressure fit into the 
field monitor. 
6.1.5 Field Monitor (Filter and Holder). The only field monitor currently considered 
acceptable by N1OSH is manufactured by the Millipore Corporation. The unit con• 
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sists of 1) a three section styrene plastic case designated Millipore Aerosol Monitor 
Case, 2) a 37-mm diameter plain white cellulose ester membrane filter designated 
Millipore AA (pore size of 0.8 micrometer), 3) a support pad, and 4) two plastic 
sealing caps. If a large number of samples are to be taken, it may be less expensive 
to reuse the plastic cases. Great care must be taken in the cleaning and reassembly 
process. The outside mating surfaces of the field monitors may be covered with a 
"shrink-fit" band to provide proper sealing and a writing surface for filter identifica-
tion. 
• 
6.2 Optical Equipment and Microscope Features 
6.2.1 Microscope body with binocular bead. 
6.2.2 10X Huygenian eyepieces are rtecornmended. Other eyepieces can be substituted if 
necessary. Wide field eyepieces can be used; however, wide field eyepieces may 
yield a count field area less than 0.003 mm' with the Porton reticle. This is not 
always desirable from the standpoint of obtaining optimum sampling times (see Sec-
tion 8.1.3). If wide field eyepieces are used, it is preferable to use the Patterson 
Globe and Circle reticle to obtain a larger count field area. 
6.2.3 Koehler illumination (preferably built-in with provisions for adjusting light intensity). 
6.2.4 A Porton reticle is recommended. Others such as the Patterson Globe and Circle 
can be substituted. 	 • 
6.2.5 Mechanical stage. 
6.2.6 Phase-Contrast condenser with a numerical aperture (N.A.) equal to or greater than 
the N.A. of the objective. 
6.2.7 40-45X phase contrast achromatic objective (N.A. 0.65 to 0.75). 
6.2.8 Phase-ring centering telescope or Bertrand lens. 
6.2.9 Green or blue filter, if recommended by microscope manufacturer. 
6.2.10 Stage micrometer with 0.01 mm subdivisions. 
6.2.11 For general guidance on phase contrast microscopy, consult Needham (11.12), Clark 
(11.15) and McCrone (11.14). 
6.3 Filter Mounting Equipment. Experience has shown that certain equipment is useful for 
• efficient sample mounting. The following items arc recommended for extracting and mount-
ing a portion of the filter for counting. 
6.3.1 Microscope slides. 2.5 by 7.5 cm glass slides are most commonly used. Sample 
number, data, initials, etc., can be conveniently written on a - frosted end slide. 
6.3.2 Cover Slips. Cover slips are a necessary part of the slide mount and optical system. 
The shape should be appropriate for the size of the filter wedge. The appropria t e cover 
slip depends upon the objective to be used. Ordinarily, objectives are optically cor-
rected for a #11/2 (0.17 millimeter) thickness cover slip. Improper cover glass thick-
ness will detract from the final image quality. 
6.3.3 Scalpel. A scalpel is needed to cut out a portion of the filter to be examined. A num-
ber-ten curved blade scalpel is recommended. 
6.3.4 Tweezers. A pair of fine-tipped tweezers is used to remove the membrane filter slice 
from the field monitor and place it upon the slide. 
6.3.5 Lens Tissue. To insure cleanliness, c lint-free tissue is recommended. This tissue 
should also be used for wiping mounting tools and for cleaning slides and cover slims 
6.3.6 Glass Rod. A fire-polished glass rod may be used to spread the mounting solution 
on the slide. 
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6.3.7 Wheaton Balsam Bottle. This special glass container has a glass top which prevents 
• 	contamination of the mounting solution. A glass rod is- included for dispensing the 
solution. 
7. Reagents 
Chemicals should be reagent grade, free from particles and color, conforming to the specifications 
of the Committee on Analytical Reagents of the American Chemical Society, where such specifi-
cations are available. 
7.1 Dimethyl phthalate 
7.2 Diethyl oxalate 




8.1.1 Gcneral Information 
Guidelines for the monitoring of employee exposures to industrial atmospheres are 
given in Reference 11.8. The Federal requirements for monitoring employee expo-
sure to airborne asbestos are found in 29 CFR 1910.1001. 
8.1.2 Mounting the Sampling Pump on the Worker 
Fasten the sampling pump to the worker's belt and fasten the field monitor to the 
lapel or shirt front (as close to the breathing zone as is practical). Remove the top 
cover of the plastic , monitor, then invert the monitor making certain the exposed 
filter is facing downward. Turn the pump on and adjust to the calibrated flow rate 
(1.0 to 2.5 1pm). Record the following information in a logbook. 
1. Filter number 
2. Pump start time and date 
3. Flow rate 
4. Subject's name and job title 
5. Type of operation or process 
6. Ventilation controls and is the worker wearing a respirator approved for asbestos? 
The pump should be checked periodically during the sampling period for proper oper-
ation and flow rate. 
8.1.3 Optimum Sampling Times 
The requirement for the minimum count of 100 fibers or 20 fields in 8.3.9 was 
determined to be the best compromise to achieve adequate precision for the airborne 
fiber estimate and reasonable counting times. An optimum fiber density of about 
1 to 5 fibers per microscope count field is recommended. To estimate appropriate 
sampling times for feasible counting and optimal counting, one must consider the 
following constraints: 
1. microscope count field area (generally 0.003 to 0.006 mm=) 
2. pump flow rate (typically 2.5 1pm maximum) 
3. average airborne fiber concentrations 
4. counting rule range of 20 to 100 fields 
5. adequate fiber density to obtain a minimum count of 10 fibers in 100 fields, which 
is the least total fiber count that yields an acceptable count precision 
6. background airborne particulate levels that can reduce the count precision due to 
an obscuring of fibers on the filter surface 
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The preceding constraints were considered in drawing Figures 1 and 2. These figures 
were developed from the following relationship: 
(FB/FL) (ECA/MFA) 
sampling time — 	(FR) (AC) (1000) 
where: 
FB/FL = 1 to 5 fibers/field 
ECA 	= effective collecting area of filters (255 mm= for 37-mm fiilter with effec- 
tive diameter of 33 mm) 
MFA = microscope field area (generally 0.003 to 0.006 mm=) 
FR 	= Pump flow rate (generally 1.0 to 2.5 1pm) 
AC = Air concentration of fibers in fibers/ems. 
Figure 1 (microscope field area = 0.003 mm:) and Figure 2 (microscope field area = 
0.006 mm=) show optimum and feasible sampling times for a pump flow rate of 1.7 
Ipm. Each individual responsible for sampling asbestos should prepare a similar chart 
for his particular pump flow rate and microscope field area before sampling is per-
formed to aid in estimating proper sampling times. On Figures 1 and 2, the areas 
with solid shading lines are generally the optimum conditions for counting. The 
broken shading lines are for conditions very close to optimal. 
However, feasible counting conditions may extend down to about 0.1 fiber/field and 
and above 5 fibers/field. Recommended sampling times are most strongly influenced 
by background airborne particulate levels, once all the other constraints have been 
estimated. For heavy particulate levels, it may be necessary to limit each filter to 
about 60 to 180 minutes sampling duration. Each individual responsible for sampling 
should work closely with the microscopist to attain as high as possible filter surface 
fiber densities (up to about 5 fibers/field), while avoiding filter surface background 
particulate levels that create very difficult or impossible counting conditions. If one 
has very little idea of airborne fiber and particulate levels, the best procedure is to 
take several long samples (as one 8-hour or two consecutive 4-hour samples) in con-
junction with several short samples (as four consecutive 2-hour or eight consecutive 
1-hour samples). If the longer samples prove very difficult to count, the microscopist 
will have the shorter samples to fall back on, 
From Figures 1 and 2, it can be seen that there are certain sampling times which 
will yield optimum fiber densities on the filter for almost all airborne fiber concen-
trations from 1 to 10 fibers/cm`. These optimum times have been calculated and are 
presented in Figure 4. Note that the optimum times given by Figure 4 are approxi-
mate and can be varied by as much as 2: 25%. The nomogram is intended as a 
guide to be used where no prior knowledge of the air concentration is available. 
8.1.4 End of Sampling Period 
Remove the field monitor, replace the plastic top cover and the small end caps, and 
store the monitor. Always shut off the pump when changing monitors to avoid 
contaminating or damaging the pump. Record the pump shutoff time and flow rate 
in the logbook. 
8.1.5 Blanks 
With each batch (25 to 50 filters) of samples sent for analysis, submit two unopened 
field monitors which have been subjected to the same treatment as the samples except 
that they were not exposed to the sampling environment. Label these as blanks. If 
the blanks yield fiber counts greater than 5 fibers/10O fields, then the entire sam-
pling procedure should be examined carefully for the cause of contamination. The 
minutes 
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mounting solution of Section 8.2.1 should also be examined for contamination and/or 
crystal growth 
8.1.6 Shipping 
The field monitors in which the samples are collected should be shipped in a rigid 
container with sufficient packing material to prevent crushing. 
8.1.7 Numbers of Samples 
When sampling for the Federal ceiling standard of 10 fibers (>511m)/cre, [29 CFR 
1910.1001(b) (3), effective July 7, 19723, only one sample (15 minutes maximum 
duration) is necessary, theoretically. However, several samples should be taken dur-
ing expected periods of peak air concentrations to allow for detection of gross sam-
pling or counting errors. 
When sampling for determination of noncompliance with the Federal 8-hour TWA 
standard of 2 fibers (>51,m)/cm 3, [29 CFR 1910.1001(b) (2)3, one should contin-
. uously sample as large a portion of the work day as is feasible for airborne concen-
trations of about 2 to 10 fibers/em'. However, for a lower airborne concentration 
such as 0.5 fiber/cm 3, one sample might require 4 to- 8 hours sampling time in order 
to get the proper filter fiber density (Section 8.1.3). For this situation, the 8-hour 
TWA exposure would be determined from one 8-hour or two 4-hour samples as ap-
propriate. 
8.2 Sample Preparation 
8.2.1 Preparation of Mounting Solution 
A very important part of the sample evaluation is the mounting process. This proc-
ess involves a special mounting medium of prescribed viscosity. The proper viscosity 
is important in order to expedite filter dissolving and still minimize panicle migration. 
After the sample has been mounted, an elapsed time of approximately sixty minutes 
is needed before the sample is ready for evaluation. 
Combine the dimethyl phthalate and diethyl oxalate in a one to one ratio by volume 
and pour into a Wheaton balsam bottle. Add approximately 0.05 0.005) grams 
of new membrane filter per milliliter of solution to reach the necessary viscosity. The 
mixture must be stirred periodically until the filters have dissolved and a homogeneous 
mixture is formed. The normal shelf life of the mounting solution is about three 
months. Twenty milliliters of mounting solution will prepare approximately 300 
samples. 
8.2.2 Sample Mounting 
Cleanliness is important! A dirty working area may result in sample contarzination 
and erroneous counts. The following steps should be followed when mounting a sample. 
1. Clean the slides and cover slips with lens tissue. Lay each slide down on a clean 
surface with the frosted end up. It is a good practice to rest one edge of the 
cover slip on the slide and the other edge on the working surface. By doing this, 
you keep the bottom surface (the one which contacts the filter) from becoming 
contaminated. 
2. Wipe all the mounting tools clean with lens tissue and place them on a clean surface 
(such as lens tissue). All tools should be wiped clean prior to mounting each sample. 
3. Using the glass rod supplied with the Wheaton balsam bottle, apply a drop of 
mounting solution onto the center of the slide. It may be necessary to adjust the 
quantity of solution so that after the cover slip has been placed on top, the solu-
tion extends only slightly beyond the filter boundary. If the quantity is greater than 
this, particle migration may occur. 
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4. Using another glass rod, spread the mounting media into a triangular shape. The 
size of this triangle should coincide with the dimension of the filter wedge. 
5. Separate the middle and bottom sections of the field monitor case to expose the 
Biter. Cut a triangular wedge from the center to the edge of the filter using the 
scalpel. The size of the wedge should approximate one-eighth of the filter surface. 
The filter can be very carefully removed from the cassette for cutting, but this 
• 
should only be done with great care. 
6. Grasp the filter wedge with the tweezers on the perimeter of the filter which was 
clamped between the monitor case sections. Do not touch the filter with your 
fingers. Place the wedge, sample side up, upon the mounting medium. 
7. Pick up a clean cover slip with tweezers and carefully place it on the filter wedge. 
Once this contact has been made, do not reposition the cover slip. 
8. Label the slide with the sample number and current date before proceeding to the 
next filter. On the bottom (backside) of the slide, trace the perimeter of the filter 
wedge with a felt tip marking pen. This will enable the counter, after the filter 
has become transparent, to stay within the filter perimeter when counting. 
9. The sample should become transparent within fifteen minutes. If the filter appears 
cloudy, it may be necessary to press very lightly cn the cover slip. This is rarely 
necessary; however, counting should not be started until an hour after the mount-
ing. This allows the microscopic texture of the filter to become invisible to micro-
scope viewing. 
10. Discard the sample mount after two days if it has not been counted. Crystals 
appearing similar to asbestos fibers may begin to grow at the mounting media lair 
interfaces. They seldom present any problems if the slide is examined before two 
days. In any case, stay away from the filter's edges when counting and sizing. 
8.3 Counting of Fibers 
8.3.1 Place the slide on the mechanical stage of the microscope and position the center of 
the wedge under the objective lens and focus upon the sample. Start counting from 
one end of the wedge and progress along a radial line to the other end (count in 
either direction from perimeter to wedge tip). Random fields are selected, without 
looking into the eyepieces, by slightly advancing the slide in one direction with the 
mechanical stage control. 
8.3.2 It is essential to continually scan over a range of focal planes (generally the upper 
10 to 15 micrometers of the filter surface) with the fine focus control during each 
field count. This is especially necessary for asbestos fibers due to their impaction 
into the filter matrix. 
8.3.3 On most airborne samples, asbestos fibers will generally have fiber diameters less than 
one micrometer. Therefore, it is necessary to look carefully for faint fiber images. 
8.3.4 Regularly check phase ring alignment. 
8.3.5 When an agglomerate (mass of material) covers a significant portion of the field of 
view (approx 1/6 or greater) reject the field and select another. (Do nor include 
it in the number of fields counted.) However, report the fact as it may have meaning 
on other data collection. 
8.3.6 Bundles of fibers are counted as one fiber unless both ends of the fiber can be 
clearly resolved. 
8.3.7 Count only fibers with a length to width ratio greater than or equal to 3:1. 
8.3.8 Count only fibers greater than 5 micrometers in length. (Be zs accurate as passible 
in accepting fibers near this length.) Measure curved fibers along the curve to esti- 
mate the total length. 
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8.3.9 Count as many fields as necessary to yield a total count of at least 100 fibers. Ex-
ceptions: a) count at least 20 fields even if you count more than 100 fibers, and b) stop 
• 	at 100 fields even if you haven't reached 100 fibers. 
8.3.10 For fibers that cross either one or two sides of the counting field, the following pro-
cedure is used to obtain a representative count. 	 • 
COUNT any fiber greater than 5 micrometers in length, that lies entirely within the 
counting area. COUNT as "1/2 fiber" any fiber with only one end lying within the 
counting area. DO NOT COUNT any fiber crossing any two sides. 	• 
Reject and do not count all other fibers. Refer to Figures 5 through 10. Note that the 
fibers in Figures 5 through 10 are not representative of the appearance of most as-
bestos fibers. Most fibers have a very faint image. 
9. Calibration and Standards 
9.1 Sampling Train Calibration 
The accurate calibration of the sampling pump is essential to the correct calculation of the 
air volume sampled. The frequency of calibration is dependent on the use, care, and hand-
ling to which the pump is subjected. Pumps must be recalibrated if they have just been 
repaired, misused, or received from the manufacturer. If the pump receives hard usage, more 
frequent calibration may be necessary. Ordinarily, pumps should be calibrated in thc labora-
tory both before they are used in the field and after they have been used to collect a large 
number of field samples. 
The accuracy of calibration is dependent upon the type of instrument used as a reference. 
The choice of a calibration instrument will depend largely on where the calibration is per-
formed. For laboratory testing, a 1-liter buret used as a soap bubble flow meter or wet-test 
meter is recommended. Other standard calibrating instruments, such as a spirometer, Mar-
riott's bottle, or dry gas meter can be used. The calibration should be of sufficient precision 
that the 95% confidence limits on the flow rate are ± 10%  (95% of the flow rates will 
fall within et 10% of the calibrated value). 
Instructions for calibration with the soap bubble flow meter follow. The sampling train used 
(pump, hose, filter cassette) in the pump calibration should be the same as the one used in 
the field. 
9.1.1 Check the voltage of the pump battery with a voltmeter both with the pump of and 
while it is operating to assure adequate voltage for calibration. If necessary, charge 
the battery to manufacturer's specifications. 
9.1.2 Fill a beaker with 10 ml of soap solution. 
9.1.3 Connect the filter cassette inlet to the top of the buret with a length of hose. 
9.1.4 Turn the pump on and moisten the inside of the soap bubble meter by immersing the 
open end of the buret into the soap solution and drawing bubbles up the inside of the 
buret. Perform this task until the bubbles are able to travel the entire length of the 
buret without breaking. 
9.1.5 Adjust the pump rotameter to provide a flow between 1.5 to 2.5 1pm. 
9.1.6 With a water manometer, check that the pressure drop across the filter is less than 
13 inches of water (about 1 inch of mercury). 
9.1.7 Start a soap bubble up the buret and measure the time it takes for the bubble to travel 
a minimum volume of 1 liter. 
9.1.8 Repeat the procedure in 9.1.7 at least three times, a.erage the results, and cakulate 
the calibrated flow rate by dividing the volume traveled by the soap bubble by the 
elapsed time. if the range between the highest and lowest of the three flow rates is 
greater than about 0.33 1pm, then the calibration should be repeated since it is likely 
that the precision is not adequate. 
• 
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9.1.9 Data required for the calibration include the volume measured, elapsed time, pressure 
drop, air temperature, atmospheric pressure (or elevation), pump serial number, date, 
and name of person performing the calibration. 
9.1.10 Corrections to the flow rate for pumps with rotameters may be necessary if the pres-
sure (elevation) or temperature where the samples are collected (actual flow rate) 
differs significantly from that where the calibration was performed (indicated flow race). 
Actual flow rates at time of sampling may be calculated for a linear scale rotameter by 
using the following correction formula: 
• ° actual 	° indicated 
Peal 	 Tsctua1  • 
P actual 	 Teal 
where both pressure (P) and temperature M are in absolute units such as: 
via 	i= psis + 14.7 
deg Rankin = deg Fahrenheit + 460 
deg Kelvin = deg Celsius + 273 
9.2 Microscope Setup 
9.2.1  Porton Reticle and the Counting Field 
The asbestos fiber count procedure consists of comparing fiber length to the diam-
eters of calibrated circles of a Porton reticle, and counting all fibers greater than 
5 micrometers in length lying within a given counting field area. The Porton reticle 
is a glass plate inscribed with a series of circles and rectangles. The left half of the 
reticle is divided into six rectangles constituting the counting field. The counting field 
is illustrated in Figures 5 through 10. 
9.2.2 Placement in Eyepiece 
The Porton reticle is placed inside the Huygenian eyepiece where it rests on the field-
limiting diaphragm. If other types of eyepieces are used, it may be necessary to insert 
a counting collar for retaining the reticle. The reticle should always be kept clean, 
since dirt on the reticle is in focus and could complicate the counting and sizing 
process. 
9.2.3 Stage Micrometer 
The Porton reticle cannot be used for counting until it has been properly calibrated 
with a stage micrometer. Most stage micrometer scales are approximately two 
millimeters long and are divided into units of one-hundredth of a millirneer (ten 
micrometers). 
9.2.4 Microscope Adjustment 
When adjusting the microscope, follow the manufacturer's instructions while observing 
the following guidelines. 
1. The light source image must be in focus and centered on the condenser iris or 
annular diaphragm. . 
2. The particulate material to be examined must be in focus. 
3. The illuminator field iris must be in focus, centered on the sample, and opened only 
to the point where the field of view is illuminated. 
4. The phase rings (annular diaphragm and phase-shifting elements) roust be con-
centric. 
9.2.5 Porton Reticle Calibration Procedure 
Each eyepiece-objective-reticle combination on the microscope must be calibrat ed . 
Should any of the three be changed (disassembly, replacement, zoom adjustment, etc.), 





tance is changed. For proper calibration, the following procedure should be followed 
closely. 
With a 10X objective in place, place the stage micrometer on the mechanical 
stage, focus the millimeter scale, and center the image. Change to the 40-45X objec-
tive and adjust the first millimeter scale division to coincide with the left boundary of 
the Porton rectangle. Measure the distance between the left and extreme right bound-
aries of the Porton rectangle, estimating any portion of the final division. This meas-
urement represents 200 L units. The rectangle is 100 L units on the short vertical 
dimension. The calculated "L" is inserted into the formula D = L(2`)" 2 where "Is" 
is the circle number (indicated on the reticle) and "D" is the circle diameter. Since 
the circle diameters vary logarithmically, every other circle doubles in diameter. For 
example, circle number three is twice the diameter of number one; number four is twice 
the diameter of number two. When the circle sizes have been determined, the count-
ing field area which consists of the left six smaller rectangles can be calculated from 
the relation 10,000 L 2. This completes the reticle calibration for this specific objec-
tive-eyepiece-reticle combination. 
Example for Porton Reticle 
The following calibration was obtained for a pair of 10X Huygenian eyepieces and a 
43X objective: 
200 L = 0.148 mm = 148 micrometers 
100 L = 0.074 mm = 74 micrometers 
One L-unit = 0.74 micrometers 
Thus Circle #1 has a diameter D = L(2`)" 2 = 0.74(2 1 ) 1 ' 2 = 0.74 (1.414) = 1.05 
micrometers. 
Then our circle diameter calibration table looks like: 
Diameter of Circle #1 = 1.05 micrometers 
#2 = 1.48 
*3 = 2.09 
#4 a= 2.96 
#5 = 4.19 
#6 = 5.92 
Field area = (10,000) (L 2) = (100 L) (100 L) = (0.074) (0.074) = 0.0055 
m m= 
Thus fibers with a length greater than a distance halfway between the diameters of 
the #5 and #6 circles would be counted. 
If a Patterson Globe and Circle reticle is used, a different calculation procure is 
required. The circle diameters are related as follows. The #25 circle diameter is 
(0.1) (reticle length). 
The circle diameters are proportional to the ratio of their numbers. Thus the #20 
circle diameter is (20/25) or 0.8 times the #25 circle diameter. 
10. Calculations 
10.1 The average airborne asbestos fiber concentration estimated by the filter sample may be 
calculated from the following formula: 
AC = 
((FB/FL) — (BFB 13FL)) (ECA)  
(1000) (FR) (T) (N1FA) 
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where: 
AC = Airborne fiber concentration in (fibers > 5 pm)/em'. 
BFB = Total number of fibers counted in the BFL fields of the blank or control filters 
in fibers > S }MI. 
BFL = Total number of fields counted oa the blank or control filters. 
ECA = Effective collecting area of filter (855 mm 2 for a 37-mm filter with effective di-
ameter of 33 mm). 
FR = Pump how rate in liters/min (Ipm). 
FB 	= Total number of fibers counted in the FL fields in fibers > 5 p.m. 
FL = Total number of fields counted on the filter. 
MFA = Microscope count field area in mm 2 (generally 0.003 to 0.006). 
T 	= Sample collection time in minutes. 
10.2 Recount criteria. It is very desirable for a counter to conduct a "blind recount" for about 
1 in every 10 filter wedges (slides) counted. • Alternatively, a second counter could perform 
the blind recount. In training sessions for novice counters, the trainee should conduct a blind 
recount for filter wedges counted by an experienced, proficient counter. In all cases, we will 
observe differences between the first and second counts of the same filter wedge. Most of 
these differences will be due to chance alone, that is, due to the random variability (precision) 
of the count method. Statistical recount criteria enable us to decide whether observed dif-
ferences can reasonably be explained due to chance alone or are probably due to systematic 
differences between counters or microscopes or due to some other biasing factor. 
The following recount criterion is for a pair of counts that estimate some airborne fiber con-
centration (AC) in fibers/cm'. The criterion is given at the type-I error level. That is, 
there is a 5% maximum risk that we will reject a pair of counts for the reason that one 
might be biased, when the large observed difference is really due to chance. 
Reject a pair of counts because one might be biased if: 
(AC2 — AC,) exceeds 2.77(AC)(CVF B) 
where: 
= lower estimated airborne fiber concentration 
AC2 = higher estimated airborne fiber concentration 
AC = average of the two airborne concentration estimates 
CVi m = average CV for the two concentration estimates which are a function of the total 
fiber count (FB) in each case. Use the relation in Section 4 or Figure 3. 
For a pair of counts on the sane filter, reject the pair because one might be biased if: 
(FB-: — FB I ) exceeds 2.77(FB)(CV 1-,,) 
where: 
FB I = lower fiber count on the filter (total fibers) 
F/1.:  = higher fiber count on the filter (total fibers) 
FB 	average of the two total fiber counts 
CV rit = CVT for the value FB. Use the relation in Section 4 or Figure 3. 
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LIST OF FIGURES 
(5 through 10) 
FIGURE 5. DO NOT COUNT. Fiber crosses top and bottom sides. 
O. COUNT. One fiber. 
FIGURE 7. COUNT. One-ball fiber. Fiber crosses left side and one end lies within count area. 
FIGURE 8. COUNT. One-half fiber. Fiber crosses bottom side and one end lies within cot 
area. 
FIGURE 9. DO NOT COUNT. Fiber crosses two sides. 
FIGURE 10. DO NOT COUNT. Fiber crosses two sides (bottom left corner). 
COUNT. One-ball fiber. Fiber crosses bottom side and one end lies within count area. 
COUNT. One fiber (top right corner). 
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APPENDIX C 
OSHA AND EPA ASBESTOS STANDARDS 
I 
OSHA 
1910.1001 - ASBESTOS 
(a) 	Definitions 
For the purpose of this section. 
(I) 
	
"Asbestos" 	includes 	chrysotile, 	amosite, 	crocidolite, 	tremolite, 
anthophyllite, and actinolite. 
(2) "Asbestos fibers" means asbestos fibers longer than 5 micrometers. 
(b) PERMISSIBLE EXPOSURE TO AIRBORNE CONCENTRATIONS OF ASBESTOS 
FIBERS 
(I) 	Standard effective July 7, 1972. The 8-hour, time-weighted average 
airborne concentrations of asbestos fibers to which any employee may be 
exposed shall not exceed five fibers, longer than 5 micrometers, per cubic 
centimeter of air, as determined by the method prescribed in paragraph 
(e) of this section. 
(2) Standard effective July I, 1976. The 8-hour, time-weighted average 
airborne concentrations of asbestos fibers to which any employee may be 
exposed shall not exceed two fibers, longer than 5 micrometers, per cubic 
centimeter of air, as determined by the method prescribed in paragraph 
(e) of this section. 
(3) Ceiling concentration. No employee shall be exposed at any time to 
airborne concentration of asbestos fibers in excess of 10 fibers, longer 
than 5 micrometers, per cubic centimer of air, as determined by the 
method prescribed in paragraph (e) of this section. 
(c) METHODS OF COMPLIANCE 
(I) ENGINEERING METHODS 
(I) 	Engineering controls. Engineering controls, such as but not limited 
to, isolation, enclosure, exhaust ventilation, and dust collection, 
shall be used to meet the exposure limits prescribed in paragraph (b) 
of this section. 
(ii) LOCAL EXHAUST VENTILATION 
(a) Local exhaust ventilation and dust collection systems shall be 
designed, constructed, installed, and maintained in accordance 
with the American Notional Standard Fundamentals Governing 
the Design and Operation of Local Exhaust Systems, ANSI 29.2-
1971, which is incorporated by reference herein. 
(b) See Section 1910.6 concerning the availability of ANSI-A9.2-
1971, and the maintenance of a historic file in connection 
therewith. The address of the American National Standards 
Institute is given in Section 1910.100. 
(iii) PARTICULAR TOOLS 
All hand-operated and power-operated took which may produce or 
release asbestos fibers in excess of the exposure limits prescribed in 
paragraph (b) of this section, such as, but not limited to, saws, 
scorers, abrasive wheels, and drills, shall be provided with local 
exhaust ventilation systems in accordance with subdivision (ii) of 
this subparagraph. 
(2) WORK PRACTICES 
(i) Wet methods. Insofar as practicable, asbestos shall be handled, 
mixed, applied, removed, cut, scored, or otherwise worked in a wet 
state sufficient to prevent the emission of airborne fibers in excess 
of the exposure limits prescribed in paragraph (b) of this section, 
unless the usefulness of the product would be diminished thereby. 
(ii) Particular products and operations. No asbestos cement, mortar, 
coating, grout, plaster, or similar material containing asbestos shall 
be removed from bags, cartons, or other containers in which they 
are shipped, without being either wetted, or enclosed, or ventilated 
so as to prevent effectively the release of airborne asbestos fibers in 
excess of the limits prescribed in paragraph (b) of this section. 
(iii) Spraying, demolition, or removal. 	Employees engaged in the 
spraying of asbestos, the removal, or demolition of pipes, structures, 
or equipment covered or insulated with asbestos, and in the removal 
or demolition of asbestos insulation or coverings shall be provided 
with respiratory equipment in accordance with paragraph (d) (2) (iii) 
of this section and with special clothing in accordance with 
paragraph (d) (3) of this section. 
(d) PERSONAL PROTECTIVE EQUIPMENT 
(I) 
	
Compliance with the exposure limits prescribed by paragraph (b) of this 
section may not be achieved by the use of respirators or shift rotation of 
employees, except: 
(i) During the time period necessary to install the engineering controls 
and to institute the work practices required by paragraph (c) of this 
section; 
(ii) In work situations in which the methods prescribed in paragraph (c) 
of this section are either technically not feasible or feasible to an 
extent insufficient to reduce the airborne concentrations of asbestos 
fibers below the limits prescribed by paragraph (b) of this section; or 
(iii) In emergencies. 
(iv) Where both respirators and personnel rotation are allowed by 
subdivision (i) and (ii), or (iii) of this subparagraph, and both are 
practicable, personnel rotation shall be preferred and used. 
(2) Where a respirator is permitted by subparagraph (I) of this paragraph, it 
shall be selected from among those approved by the Bureau of Mines, 
Department of the Interior, or the National Institute for Occupational 
Safety and Health Department, of Health, Education, and Welfare, under 
the provisions of 30 CFR Part 1 I (37 P.R. 62414, March 25, 1972), and shall 
be used in accordance with subdivisions (i), (ii), (iii), and (iv) of this 
subparagraph. 
(i) Air purifying respirators. A reusable or single use air purifying 
respirator, or a respirator described in subdivision (ii) or (iii) of this 
subparagraph, shall be used to reduce the concentrations of airborne 
asbestos fibers in the respirator below the exposure limits prescribed 
in paragraph (b) of this section, when the ceiling or the 8-hour, time-
weighted average airborne concentrations of asbestos fibers are 
reasonably expected to exceed no more than (0 times those limits. 
(ii) Powered air purifying respirators. A full facepiece powered air 
purifying respirator, or a powered air purifying respirator, or a 
respirator described in subdivision (iii) of this subparagraph, shall be 
used to reduce the concentrations of airborne asbestos fibers in the 
respirator below the exposure limits prescribed in paragraph (b) of 
this section, when the ceiling or the 8-hour, time-weighted average 
concentrations of asbestos fibers are reasonably expected to exceed 
10 times, but not 100 times, those limits. 
(iii) Type "C" supplied-air respirators, continuous flow or pressure-
demand class. A type "C" continuous flow or pressure-demand, 
supplied air respirator shall be used to reduce the concentrations of 
airborne asbestos fibers in the respirator below the exposure limits 
prescribed in paragraph (b) of this section, when the ceiling or the 8-
hour, time-weighted average airborne concentrations of asbestos 
fibers are reasonably expected to exceed 100 times those limits. 
(iv) ESTABLISHMENT OF A RESPIRATOR PROGRAM 
(a) The employer shall establish a respirator program in accordance 
with the requirements of the American National Standard 
Practices for respiratory Protection, ANSI Z88.2-(969, which is 
incorporated by reference herein. 
(b) See Section 1910.6 concerning the availability of ANSI 288.2-
1969 and the maintenance of an historic file in connection 
therewith. The address of the American National Standards 
Institute is given in Section 1910.100. 
(c) No employee shall be assigned to tasks requiring the use of 
respirators if, based upon his most recent examination, an 
examining physician determines that the employee will be 
unable to function normally wearing a respirator, or that the 
safety or health of the employee or other employees will be 
impaired by his use of the respirator. Such employee shall be 
rotated to another job or given the opportunity to transfer to a 
different position whose duties he is able to perform with the 
same employer, in the same geographical area and with the 
same seniority, status, and rate of pay he had just prior to such 
transfer, if such a different position is available. 
(3) Special Clothing: The employer shall provide, and require the use of, 
special clothing, such as coveralls or similar whole body clothing, head 
coverings, gloves, and foot coverings for any employee exposed to 
airborne concentrations of asbestos fibers, which exceed the ceiling level 
prescribed in paragraph (b) of this section. 
(4) Change rooms: 
(i) At any fixed place of employment exposed to airborne 
concentrations of asbestos fibers in excess of the exposure limits 
prescribed in paragraph (b) of this section, the employer shall 
provide change rooms for employees working regularly at the place. 
(ii) Clothes lockers: The employer shall provide two separate lockers or 
containers for each employee, so separated or isolated as to prevent 
contamination of the employee's street clothes from his work 
clothes. 
(iii) Laundering: 
(a) Laundering of asbestos-contaminated clothing shall be done so 
as to prevent the release of airborne asbestos fibers in excess of 
the exposure limits prescribed in paragraph (b) of this section. 
(b) Any employer who gives asbestos-contaminated clothing to 
another person for laundering shall inform such person of the 
requirement in (a) of this subdivision to effectively prevent the 
release of airborne asbestos fibers in excess of the exposure 
limits prescribed in paragraph (b) of this section. 
(c) Contaminated clothing shall be transported in sealed 
impermeable bags, or other closed, impermeable bags, or other 
closed, impermeable containers, and labeled in accordance with 
paragraph (g) of this section. 
(e) METHOD OF MEASUREMENT 
All determinations of airborne concentrations of asbestos fibers shall be made 
by the membrane filter method at 400-450 x (magnification) (4 millimeter 
objective) with phase contrast illumination. 
(f) MONITORING 
(I) 	Initial determinations. Within 6 months of the publication of this section, 
every employer shall cause every place of employment where asbestos 
fibers are released to be monitoried in such a way as to determine 
whether every employee's exposure to asbestos fibers is below the limits 
prescribed in paragraph (b) of this section. If the limits are exceeded, the 
employer shall immediately undertake a compliance program in 
accordance with paragraph (c) of this section. 
(2) Personal Monitoring 
(1) 	Samples shall be collected from within the breathing zone of the 
employees, on membrane filters of 0.8 micrometer porosity mounted 
in an open-face filter holder. Samples shall be taken for the 
determination of the 8-hour, time-weighted average airborne 
concentrations and of the ceiling concentrations of asbestos fibers. 
(ii) Sampling frequency and patterns. After the initial determinations 
required by subparagraph (I) of this paragraph, samples shall be of 
such frequency and pattern as to represent with reasonable accuracy 
the levels of exposure of employees. In no case shall the sampling 
be done at intervals greater than 6 months for employees whose 
exposure to asbestos may reasonably be foreseen to exceed the 
limits prescribed by paragraph (b) of this section. 
(3) 	Environmental monitoring 
(i) Samples shall be collected from areas of a work environment which 
are representative of the airborne concentrations of asbestos fibers 
which may reach the breathing zone of employees. Samples shall be 
collected on a membrane filter of 0.8 micrometer porosity mounted 
in an open-face filter holder. Samples shall be taken for the 
determination of the 8-hour, time-weighted average airborne 
concentrations and of the ceiling concentrations of asbestos fibers. 
(ii) Sampling frequency and patterns. After the initial determinations 
required by subparagraph (I) of this paragraph, samples shall be of 
such frequency and pattern as to represent with reasonable accuracy 
the levels of exposure of the employees. In no case shall sampling 
be at intervals greater than 6 months for employees whose exposures 
to asbestos may reasonably be foreseen to exceed the exposure 
limits prescribed in paragraph (b) of this section. 
(4) 	Employee observation of monitoring. 	Affected employees, or their 
representatives, shall be given a reasonable opportunity to observe any 
monitoring required by this paragraph and shall have access to the records 
thereof. 
(g) CAUTION SIGNS AND LABELS 
(I) Caution Signs 
(1) 	Posting. Caution signs shall be provided and displayed at each 
location where airborne concentrations of asbestos fibers may be in 
excess of the exposure limits prescribed in paragraph (b) of this 
section. Signs shall be posted at such a distance from such a 
location so that an employee may read the signs and take necessary 
protective steps before entering the area marked by the signs. Signs 
shall be posted at all approaches to areas containing excessive 
concentrations of airborne asbestos fibers. 
(ii) Sign specifications. The warning signs required by subdivision (1) of 
this subparagraph shall conform to the requirements of 20" x 14" 
vertical format signs specified in Section 1910. I45(d)(4), and to this 
subdivision. The signs shall display the following legend in the lower 
panel, with letter sizes and styles of a visibility at least equal to 





Avoid Breathing Dust 
Wear Assigned Protective Equipment 
Do Not Remain in Area Unless Your Work 
Requires It 
I" Sans Serif, Gothic or 
Block 
3/4" Sans Serif, Gothic or 
Block 
1/4" Gothic 
I /4" Gothic 
I /4" Gothic 
Breathing Asbestos Dust May be Hazardous 	14 Point Gothic 
to Your Health 
Spacing between lines shall be at least equal to the height of the upper of any 
two lines. 
(2) Caution Labels 
(i) 	Labeling. 	Caution labels shall be affixed to all raw materials, 
mixtures, scrap, waste, debris, and other products containing 
asbestos fibers, or to their containers, except that no label is 
required where asbestos fibers have been modified by a bonding 
agent, coating, binder, or other material so that during any 
reasonably foreseeable use, handling, storage, disposal, processing, 
or transportation, no airborne concentrations of asbestos fibers in 
excess of the exposure limits prescribed in paragraph (b) of this 
sect ion will be released. 
(ii) Label specifications. The caution labels required by subdivision (i) 
of this subparagraph shall be printed in letters of sufficient size and 
contrast as to be readily visible and legible. The label shall state: 
CAUTION 
Contains Asbestos Fibers 
Avoid creating Dust 
Breathing Asbestos Dust May Cause 
Serious Bodily Harm 
(h) HOUSEKEEPING 
(I) Cleaning. All external surfaces in any place of employment shall be 
maintained free of accumulations of asbestos fibers if, with their 
dispersion, there would be an excessive concentration. 
(2) 	Waste disposal. 	Asbestos waste, scrap, debris, bags, containers, 
equipment, and asbestos-contaminated clothing, consigned for disposal, 
which may produce in any reasonably foreseeable use, handling, storage, 
processing, disposal or transportation airborne concentrations of asbestos 
fibers in excess of the exposure limits prescribed in paragraph (b) of this 
section shall be collected and disposed of in seared impermeable bags, or 
other closed, impermeable containers. 
(i) 	Recordkeeping 
(I) 	Exposure records. Every employer shall maintain records of any 
personal or environmental monitoring required by this section. 
Records shall be maintained for a period of at least 20 years and 
shall be made available upon request to the Assistant Secretary of 
Labor for Occupational Safety and Hearth, the Director of the 
National Institute for Occupational Safety and Health, and to 
authorized representatives of either. 
(2) Employee access. Every employee and former employee shall have 
reasonable access to any record required to be maintained by 
subparagraph (I) of this paragraph, which indicates the employee's 
own exposure to asbestos fibers. 
(3) Employee notification. Any employee found to have been exposed at 
any time to airborne concentrations of asbestos fibers in excess of 
the limits prescribed in paragraph (b) of this section shall be notified 
in writing of the exposure as soon as practicable but not later than 5 
days of the finding. The employee shall also be timely notified of 
the corrective action being taken. 
(j) MEDICAL EXAMINATIONS 
(I) 	General. 	The employer shall provide or make available at his cost, 
medical examinations relative to exposure to asbestos required by this 
paragraph. 
(2) Preplacement. The employer shall provide or make available to each of 
his employees, within 30 calendar days following his first employment in 
an occupation exposed to airborne concentrations of asbestos fibers, a 
comprehensive medical examination, which shall include, as a minimum, a 
chest roentgenogram (posterior-anterior 14 x 17 inches), a history to elicit 
symptomatology of respiratory disease, and pulmonary function tests to 
include forced vital capacity (FVC) and forced expiratory volume at 1 
second (FEV 1.0). 
(3) Annual examinations. On or before January 31, 1973, and at least 
annually thereafter, every employer shall provide, or make available, 
comprehensive medical examinations to each of his employees engoged in 
occupations exposed to airborne concentrations of asbestos fibers. Such 
annual examination shall include, as a minimum, a chest roentgenogram 
(posterior-anterior I4 x 17 inches), history to elicit symptomatology of 
respiratory disease, and pulmonary function tests to include forced vital 
capacity (FVC) and forced expiratory volume at I second (FEV 1.0). 
(4) Termination of employment. The employer shall provide, or make 
available, within 30 calendar days before or after the termination of 
employment of any employee engaged in an occupation exposed to 
airborne concentrations of asbestos fibers, a comprehensive medical 
examination which shall include, as a minimum, a chest roentgenogram 
(posterior-anterior 14 x 17 inches), a history to elicit symptomatology of 
respiratory disease, and pulmonary function tests to include forced vital 
capacity (FVC) and forced expiratory volume at I second (FEV 1.0). 
(5) Recent examinations. 	No medical examination is required of any 
employee, if adequate records show that the employee has been examined 
in accordance with this paragraph within the past I-year period. 
(6) Medical records. 
(i) Maintenance. Employers of employees examined pursuant to this 
paragraph shall cause to be maintained complete and accurate 
records of all such medical examinations. Records shall be retained 
by employers for at least 20 years. 
(ii) Access. 	Records of the medical examinations required by this 
paragraph shall be provided upon request to employees, designated 
representatives, and the Assistant Secretary in accordance with 29 
CFR 1910.20(0)4) and (g)-(1). These records shall also be provided 
upon the request to the Director of NIOSH. Any physician who 
conducts a medical examination required by this paragraph shall 
furnish to the employer of the examined employee all the 
information specifically required by this paragraph, and any other 
medical information related to occupational exposure to asbestos 
fibers. 
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Administrator 	as 	an 	alternative 
method 	for sources subject to 
• § 61.52( 
(Sec. 114. Clean Air Act as amended (42 
U.S.C. 741411 
138 FR 8826. Apr. 8. 1973. as amended at 40 
FR 48299. Oct. 14. 1975, 43 FR 8e00. Mar. 3. 
19781 
*61.15 Availability of information. 
The availability to the public of in-
formation provided to. or otherwise 
obtained by. the Administrator under 
this part shall be governed by Part 2 
of this chapter. 
(Sec. 114. Clean Air Act as amended (42 
U.S.C. 7414» 
(41 FR 16918. Sept. 1. 1976. as amended at 
43 FR 880n. Mar. 3. 19781 
6716 Stale authority. 
(a) The provisions of this part shall 
not be construcd in any manner to 
preclude any State or political subdivi-
sion thereof from: 
(1) Adopting and enforcing any emis-
sion limiting regulation applicable to a 
stationary source, provided that such 
emission limiting regulation is not less 
strineent than the standards pre-
scribed under this part. 
(2) Requiring the owner or operator 
of a stationary source, other than a 
stationary source owned or operated 
by the United States, to obtain per-
mits, licenses. or approvals prior to Ini-
tiating construction. modification, or 
operation of such source. 
(Sec. 116. Clean Air Act as amended t42 
U.S.C. 7416» 
138 FR 8826. Apr. 6. 1973. as amended at 43 
FR 8800. Mar. 3. 19781 
§ 61.17 Circumvention. 
No owner or operator subject to the 
provisions of this part shall build, 
erect. install, or use any article ma-
chine, equipment, process. or met hod. 
the use of which conceals an emission 
which would otherwise constitute a 
violation of an applicable standard. 
Such concealment includes, but is not 
limited to. the use of gaseous dilutants 
to achieve compliance with a visible 
emissions :tandard, and t he piecemeal 
cart-, ing out of an operation to avoid  
fled size. 
(40 FR 482 ,19. Oct. 14. 19751 
Subpart B-National Emission 
Standard for Asbestos 
§ 61.20 Applicability. 
The provisions of this subpart are 
applicable to those sources specified in 
61.22. 
61.21 nefinitions. 
Terms used in this subpart are de-
fined in the act, in Subpart A of this 
part. or in this section as follows: 
(a) "Asbestos" means actinolite. 
amosite, anthophyllite, chrysotile, cro-
cidolite• tremol it e. 
(b) "Asbestos material" means asbes-
tos or any material containing asbes-
tos. 
(c) "Particulate asbestos material" 
means finely divided particles of asbes-
tos material. 
(d) "Asbestos tailings" means any 
solid waste product of asbestos mining 
or milling operations which contains 
asbestos, 
(e) "Outside air" means the air out-
side buildings and structures. 
(f) "Visible emissions" means any 
emissions which are visually detect-
able without the aid of instruments 
and which contain particulate a.sbestos 
material. 
(g ► "Asbestos mill" means any facili-
ty engaged in the conversion of any in-
termediate step in the conversion of 
asbestos or Into commercial asbestos. 
Outside storage of asbestos materials 
is not considered a part of such facia-
ty. 
(h) "Commercial asbestos" means 
any variety of asbestos which is pro-
duced by ext racting asbestos from as-
bestos ore. 
(i) "Manufacturing" means the corn• 
bining of commercial asbestos, or in 
the case of woven friction products 
 the combining of textiles containing 
commercial asbesto s . with any othe r 
material(s), including commercial as' 
bestos, and the processing of this COT • 
 hination into a product as specified in 
I 61.22(c 
( j "Dt , molition" means the wrecking 
or takinx out of any !oad-supportIng 
IK I 	r I 	 IM1,1 .64 	 - - 
means any material that contains 
more than 1 percent asbestos by 
aright and that can be crumbled. pul-
verized. or reduced to powder, when 
dry. by hand pressure. 
(i) "Control device asbestos waste" 
means any asbestos-containing waste 
material that is collected In a pollu-
tion control device. 
(m) "Renovation" means the remov-
ing or stripping of friable asbestos ma-
terial used on any pipe, duct, boiler, 
tank, reactor, turbine, furnace, or 
structural member. Operations in 
which 	load-supporting 	structural 
members are wrecked or taken out . are 
excluded. 
(n) "Planned renovation" means a 
renovation operation, or a number of 
such operations• in which the amount 
of friable asbestos material that will 
be removed or stripped within a given 
period of time can be predicted. Oper-
ations that are individually non-sched-
uled are included, provided a number 
of such operations can be predicted to 
occur during a given period of time 
based on operating experience. 
(o) "Emergency renovation" means a 
renovation operation that results from 
sudden, unexpected event, and Is not 
a planned renovation. Operations ne-
cessitated by non-routine failures of 
touipment are Included. 
(p) "Adequately wetted" means suf-
ficiently mixed or coated with water 
or an aqueous solution to prevent dust 
emissions. 
ta) "Removing" means taking out 
friable asbestos materials used on any 
0 11:1e, duct, boiler, tank, reactor, tur-
bine, furnace, or structural member 
from any building, structure, facility, 
or installation. 
(r) "Stripping" means taking off fri-
able asbestos materials from any pipe, 
duct, boiler, tank, reactor, turbine, fur-
nace, or structural member. 
(s) - Fabricating" means any process-
tile of a manufactured product con-
taining commercial asbestos, with the 
exception of processing at temporary 
sites for the construction or restora-
tion of buildings, structures, facilities 
Or installations.  
posited and where the surface 13 not 
disturbed by vehicular traffic. 
(u) "Active waste disposal site" 
means any disposal site other than an 
inactive site. 
(v) "Roadways" means surfaces on 
which motor vehicles travel including, 
but not limited to. highways, roads, 
streets, parking areas, and driveways, 
(w) "Asbestos-containing waste ma-
terial" means any waste which con-
tains commercial asbestos and is gen-
erated by a source subject to the provi-
sions of this subpart. Including asbes-
tos mill tailings, control device asbes-
tos waste, friable asbestos waste mate-
rial, and bags or containers that previ-
ously contained commercial asbestos. 
(x) "Structural member" means any 
load-supporting member, such as 
beams and load-supporting walls: or 
any non-load-supporting member. 
such as ceilings and non-load-support-
ing walls, 
138 FR 8826, Apr. 6. 1973. as amended at 39 
FR 15398, May 3. 1974: 40 FR 48299. Oct. 14. 
1975: 42 FR 12127. Mar. 2. 1977: 43 FR 
26373, June 19. 19781 
61.22 Emission standard. 
(a) Asbestos mills: There shall be no 
visible emissions to the outside air 
from any asbestos mill except as pro-
vided in paragraph (f) of this section. 
(b) Roadways: The surfacing of 
roadways with asbestos tailings or 
with asbestos-containing waste that is 
generated by any source subject to 
paragraphs (c). (d). (e) or Or of this 
section is prohibited, except for tem-
porary roadways on an area of asbes-
tos ore deposits. The deposition of as-
bestos tailings or asbestos-containing 
waste on roadways covered with snow 
or ice is considered "surfacing." 
(c) Manufacturing: There shall be no 
visible emissions to the outside air, 
except as provided in paragraph (11 of 
this section. from any of the following 
operations if they use commercial as-
bestos or from any building or struc-
ture In which such operations are con-
ducted. 
(I) The manufacture of cloth, cord. 
wicks. tubing. tape, twine, rope. 
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11111...■•■■• 
....ilwacture or fireproofing 
and insulating materials. 
(4) The manufacture of friction 
products. 
(5) The manufacture of Paper, mill-
board, and felt. 
(6) The manufacture of floor tile. 
(7) The manufacture of paints. coat-
ings, caulks. adhesives. sealants. 
(8) The manufacture of plastics and 
rubber materials. 
(9) The manufacture of chlorine. 
(10) The manufacture of shotgun 
shells. 
(1 1) The manufacture of asphalt 
concrete. 
(d) Demolition and renovation: The 
requirements of this paragraph shall 
apply to any owner or operator of a 
demolition or renovation operation 
who intends to demolish any institu-
tional. commercial, or industrial build-
ing (including apartment buildings 
having more than four dwelling units). 
structure, facility, installation. or por-
tion thereof, which contains any pipe. 
duct, boiler, tank, reactor. turbine, fur-
nace, or structural member that is cov-
ered or coated with friable asbestos 
material. except as provided in para-
graph (d)(1) of this section: or who in-
tends to renovate any institutional, 
commercial, or industrial building, 
structure, facility, installation, or por-
tion thereof where more than 80 
meters (ca. 260 feet) of pipe covered or 
coated with friable asbestos material 
are stripped or removed, or more than 
15 square meters (ca. 160 square feet) 
of friable asbestos material used to 
cover or coat any duct, boiler, tank, re-
actor, turbine, furnace, or structural 
member are stripped or removed. 
(1)(i) The owner or operator of a 
demolition operation is exempted from 
the requirements of this paragraph: 
Provided. (A) the amount of friable as-
bestos material in the building or por-
tion thereof to be demolished is less 
than RO meters (ca. 260 feet) used to 
insulate pipes. and les.; than 15 square 
meters (ca. 160 square feet) used to in-
sulate or fireproof any duet, boiler, 
tank, reactor, turbine, fornace, or 
structural member, and (R) the notifi-
cation requirements of paragraph 
(dalaiii are met.  
elude the information required )), 
paragraph ( -1)(2) of this section, w ?,h 
the exception of the information T. 
quired by paragraphs (d)(2)(111). (v1), 
(vii), (viii), and (ix), and shall state the 
measured or estimated amount of fri-
able 'asbestos materials which Is pres. 
ent. Techniques of estimation shall be 
explained. 
(2) Written notice of Intention to de-
molish or renovate shall be provided 
to the Administrator by the owner or 
operator of the demolition or renova-
tion operation. Such notice shall be 
postmarked or delivered to the Admin-
istrator at least 10 days prior to com• 
mencement of demolition, or as early 
as possible prior to commencement of 
emergency demolition subject to para. 
graph (d)(6) of this section, and as 
early as possible prior to commence-
ment of renovation. Such notice shall 
include the following information: 
(i) Name of owner or operator. 
(ill Address of owner or operator. 
(lit) Description of the building. 
structure, facility. or installation to be 
demolished or renovated, including 
the size, age, and prior use of the 
structure. and the approximate 
amount of friable asbestos materials 
present, 
(iv) Address or location of the build-
ing, structure, facility, or installation. 
(v) Scheduled starting and comple-
tion dates of demolition or renovation. 
(vii Nature of planned demolition or 
renovation and method(s) to be em-
ployed. 
(vii) Procedures to be employed to 
meet the requirements of this para-
graph and paragraph (j) of this sec-
tion. 
(viii) The name and address or loca-
tion of the waste disposal site where 
the friable asbestos waste will be de-
posited. 
(ix) Name, title, and authority of the 
State or local governmental repre -
sentative who has ordered a demoli-
tion which is subject to paragraph 
(d)(6, of this section. 
(3)(i) For purposes of determining 
whether a planned renovating oper-
ation ronstittltes a renovation within 
he meaning of this paragraph, the  
wow, 	 inaivtauaay non- 
srhecluted operations, the additive 
mount of friable asbestos material 
that can be predicted will be removed 
a stripped at a source over the maxi-
mum period of time for which a pre-
iiction can be made. The period shall 
not less than 30 days and not 
longer than one year. 
(B) For each planned renovating op-
eration not covered by paragraph 
(dX3)(i)(A), the total amount of fri-
able asbestos material that can be pre-
licted will be removed or stripped at a 
source. 
(ii) For purposes of determining 
whether an emergency renovating op-
eration constitutes a renovation within 
the meaning of this paragraph, the 
amount of friable asbestos material to 
be removed or stripped shall be the 
total amount of friable asbestos mate-
nal that will be removed or stripped as 
a result of the sudden, unexpected 
event that necessitated the renova-
tion. 
(4) The following procedures shall 
be used to prevent emissions of partic-
ulate asbestos material to outside air: 
II) Friable asbestos materials, used 
on any pipe. duct, boiler, tank, reactor, 
turbine, furnace, or structural 
member. shall be removed from any 
building, structure, facility or installa-
tion subject to this paragraph. Such 
removal shall occur before wrecking or 
dismantling of any portion of such 
building, structure, facility, or installa-
tion that would break up the friable 
asbestos materials and before wreck-
ing or dismantling of any other por-
tion of such building, structure, facili-
ty. or installation that would preclude 
acce.ss to such materials for subse-
quent removal. Removal of friable as-
bestos materials used on any pipe, 
duet, or structural member which are 
encased in concrete or other similar 
structural material Is not required 
Prior to demolition, but such material 
shall be adequately wetted whenever 
Noosed during oemolition. 
iii) Friable asbestos materials used 
on Pines. ducts, boilers, tanks, reac-
tors, turbines, furnaces, or structural 
members shall be adequately wetted 
during stripping, except as provided in  
tors, turbines, furnaces, or structural 
members that are covered or coated 
with friable asbestos materials may be 
taken out of any building, structure. 
facility, or installation subject to this 
paragraph as units or In sections pro-
vided the friable asbestos materials ex-
posed during cutting or disjointing are 
adequately wetted during the cutting 
or disjointing operation. Such units 
shall not be dropped or thrown to the 
ground, but shall be carefully lowered 
-to ground level. 
(iv) The stripping of friable asbestos 
materials used on any pipe, duct, 
boiler, tank, reactor, turbine, furnace. 
or structural member that has been 
removed as a unit or in sections as pro-
vided in paragraph (d)(4)(iii) of this 
section shall be performed in accord-
ance with paragraph (d)(4)(11) of this 
section. Rather than comply with the 
wetting requirement, a local exhaust 
ventilation and collection system may 
be used to prevent emissions to the 
outside air. Such local exhaust ventila-
tion systems shall be designed and op-
erated to capture the asbestos particu-
late matter produced by the stripping 
of friable asbestos material. There 
shall be no visible emissions to the 
outside air from such local exhaust 
ventilation and collection systems 
except as provided In paragraph (f) of 
this section. 
(v) All friable asbestos materials 
that have been removed or stripped 
shall be adequately wetted to ensure 
that such materials remain wet during 
all remaining stages of demolition or 
renovation and related handling oper-
ations. Such materials shall not be 
dropped or thrown to the ground or a 
lower floor. Such materials that have 
been removed or stripped more than 
50 feet above ground level, except 
those materials removed as units or in 
sections. shall be transported to the 
ground via dust-tight chutes or con-
tainers. 
(vi) Except as specified below, the 
wetting requirements of this para-
graph are suspended when the tem-
perature at the point of wetting is 
below O'C (321). When friable asbes-
tos materials ,are not wetted due to 
freezing temperatures, such materials 
2c)-1 295 40- MI 0- 7.11-- -20 
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tors. ti. °Ines, furnaces, or structural 
members shall, to the maximum 
extent possible. be removed as units or 
in sections prior to wrecking. In no 
case shall the requirements of para-
graphs (d)(4)(1v) or (d)(4)(Y) be sus-
pended due to freezing temperatures. 
(vii) For renovation operations. local 
exhaust ventilation and collection sys-
tems may be used. Instead of wetting 
as specified in paragraph (d)(4)(ii). to 
prevent emissions of particulate asbes-
tos material to outside air when 
damage to equipment resulting from 
the wetting would be unavoidable. 
Upon request and supply of adequate 
Information, the Administrator will 
determine whether damage to equip-
ment resulting from wetting to comply 
with the provisions of this paragraph 
would be unavoidable. Such local ex-
haust. ventilation systems shall be de-
signed and operated to capture the as-
bestos particulate matter produced by -
the stripping and removal of friable 
asbestos material. There shall be no 
visible emissions to the outside air 
from such local exhaust ventilation 
and collection systems, except as pro-
vided in paragraph (f) of this section. 
(5) Sources subject to this paragraph 
are exempt from the requirements of 
§§ 61.05(a), 61.07, and 61.09. 
(6) The demolition of a building, 
structure, facility, or installation, pur-
suant to an order of an authorized rep-
resentative of a State or local govern-
mental agency, issued because that 
building is structurally unsound and in 
danger of imminent collapse is exempt 
from all but the following require-
ments of paragraph (d) of this section: 
(i) The notification requirements 
specified by paragraph (d)(2) of this 
section: 
(ii) The requirements on stripping of 
friable asbestos materials from previ-
ously removed units or sections as 
specified in paragraph (d)(4)(1v) of 
this section: 
(iii) The wetting. as specified by 
paragraph (d)(4)(v) of this section, of 
friable asbestos materials that have 
been removed or stripped: 
(iv) The portion of the structure 
being demolished that contains friable 
asbestos materials shall be adequately 
vetted during the wrecking operation. 
,Cl IL/1/16.VIIIK. al I It:1 	Jl.alt VC Ilk. 
ble emissions to the outside air fr - m 
the spray-on application of materlsis 
containing more than 1 percent asbes. 
tes. on a dry weight basis, used on 
equipment and machinery, except as 
provided in paragraph (f) of this see. 
(ion. Materials sprayed on buildings, 
structures. pipes. and conduits shalt 
contain less than 1 percent asbestos on 
a dry weight basis. 
(1) Sources subject to this paragraph 
are exempt from the requirements of 
§ 61.05(a). § 61.07. and 161.09. 
(2) Any owner or operator who in-
tends to spray asbestos materiaLs 
which contain more than 1 percent as-
bestos on a dry weight basis to insu-
late or fireproof equipment and ma-
chinery shall report such intention to 
the Administrator at least 20 days 
prior to the commencement of the 
spraying operation. Such report shall 
Include the following Information: 
(i) Name of owner or operator. 
(ii) Address of owner or operator. 
(iii) Location of spraying operation. 
(i•) Procedures to be followed to 
meet the requirements of this para-
graph. 
(3) The spray-on application of ma-
terials in which the asbestos fibers are 
encapsulated with a bituminous or re-
sinous binder during spraying and • 
which are not friable after drying is 
exempted from the requirements of 
paragraphs (e) and (e)(2) of this sec-
tion. 
(f) Rather than meet the no-visible-
emission requirements as specified by -
paragraphs (a). (c). (d), (e). (h). (P. 
and (k) of this section. an owner or op-
erator may elect to use the methods 
specified by § 61.23 to clean emissions 
containing particulate asbestos materi-
al before such emissions escape to. or 
are vented to. the outside air. 
(g) Where the presence of uncoils-
hined water is the sole reason for fail-
ure to meet the no-visible-emission re-
quirement of paragraphs (a). (c). (d). 
(e), (h). (j), or tk) of this section. such 
failure shall not be a violation of such 
e mission requirements. 
(h) Fabricating: There shall be no 
visible emissions to the outside air. 
except as provided in paragraph (f)of  
this section. from any of the following 
operations if they use commercial as -  
sestos or from any outiaing or ssrus-
sire in which such operations are con-
ducted. 
(I) The fabrication of cement build-
rng products. 
(2) The fabrication of friction prod-
ucts. except those operations that pri-
marily install asbestos friction materi-
gs on motor vehicles. 
131 The fabrication of cement or sili-
cate board for ventilation hoods: 
ovens: electrical panels; laboratory 
furniture: bulkheads. partitions and 
ceilings for marine construction: and 
flow control devices for the molten 
metal Industry. 
(1) Insulating: Molded Insulating ma-
terials which are friable and wet-ap-
plied insulating materials which are 
friable after drying, installed after the 
effective date of these regulations. 
shall contain no commercial asbestos. 
The provisions of this pararraph do 
not apply to Insulating materials 
shich are spray applied: such materi-
als are regulated under § 61.22(e). 
(I) Waste disposal for manufactur-
ing, fabricating, demolition, renova-
tion and spraying operations: The 
owner or operator of any source cov-
ered under the provisions of para. 
traphs (c). (d). (e), or (h) of this sec-
tion shall meet the following stand-
ards: 
(1) There shall be no visible emis-
sions to the outside air, except as pro-
sided In paragraph (j)(3) of this sec-
tion. during the collection; processing. 
including 	incineration; 	packaging; 
transporting; or deposition of any as-
bestos-containing 	waste 	material 
which is generated by such source. 
(2) All asbestos-containing waste ma-
terial shall be deposited at waste dis-
posal sites which are operated in ac-
cordance with the provisions of § 61.25. 
(3) Rather than meet the require-
ment of paragraph (j)(1) of this sec-
tion, an owner or operator may elect 
to use either of the disposal methods 
specified under (j)(3) (i) and (Ii) of this 
sertion, or an alternative disposal 
method which has received prior ap-
Voral by the Administrator: 
(i) Treatment of asbestos•containing 
waste material with water: 
(A) Control device asbestos waste 
shall be thoroughly mixed w:th water  
taining waste material shall be ade-
quately wetted. There shall be no visi-
ble emissions to the outside air from 
the collection, mixing and wetting op-
erations, except as provided In para. 
graph (1) of this section. 
(B) After wetting, all asbestos-con-
taining waste material shall be sealed 
into leak-tight containers while wet, 
and such containers shall be deposited 
at waste disposal sites which are oper-
ated in accordance with the provisions 
of § 61.25. 
(C) The containers specified under . 
paragraph (j)(3)(i)(B) of this section 




Avoid Opening or 
Breaking Container 
Breathing Asbestos Is Hazardous 
to Your Health 	• 
Alternatively. warning labels specified 
by Occupational Safety and Health 
Standards of the Department of 
Labor. Occupational Safety and 
Health Administration (OSHA) under 
29 CFR 1910.93a(g)(2)(ii) may be used. 
(Ii) Processing of asbestos-containing 
waste material into non-friable forms: 
(M All asbestos-containing waste 
material shall be formed Into non-fri-
able pellets or other shapes and depos-
ited at waste disposal sites which are 
operated in accordance with the provi-
sions of § 61.25. 
(B) There shall be no visible emis-
sions to the outside air from the col-
lection and processing of asbestos-con-
taining waste material, except as speci-
fied in paragraph (I) of this section. 
(4) For the purposes of this para-
graph ( j), the term all asbestos-con-
taining waste material as applied to 
demolition and renovation operations 
covered by paragraph (d) of this sec-
tion includes only friable asbestos 
waste and control device asbestos 
waste. 
(kr Waste disposal for asbestos mills: 
The owner or operator of any source 
covered under the provisions of para. 
sions to the outside air, except as pro-
vided in paragraph (k)(3) of this sec-
tion. during the collection, processing. 
packaging, transporting or deposition 
of any asbestos-containing waste mate-
rial which is generated by such source. 
(2) All asbestos-containing waste ma-
terial shall be deposited at waste dis-
posal sites which are operated In ac-
cordance with the provisions of § 61.25. 
(3) Rather than meet the require. 
ment of paragraph (k)(1) of this sec-
tion, an owner or operator may elect 
to meet the following requirements in 
paragraphs (k)(3) (i) and MD, or use an 
alternative disposal method which has 
received prior approval by the Admin-
istrator: 
(i) There shall be no visible emis-
sions to the outside air from the trans-
fer of control device asbestos waste to 
the tailings conveyor, except as pro-
vided in paragraph (f) of this section. 
Such waste shall be subsequently 
processed either as specified in para-
graph (k)(3)(ii) of this section or as 
specified in paragraph (J)(3) of this 
section. 
(ii) All asbestos-containing waste ma-
terial shall be adequately mixed. with 
a wetting agent recommended by the 
manufacturer of the agent to effec-
tively wet dust and tailings, prior to 
deposition at a waste disposal site. 
Such agent shall be used as recom-
mended for the particular dust by the 
manufacturer of the agent. There 
shall be no discharge of visible emis-
sions to the outside air from the wet-
ting operation except as specified in 
paragraph (f) of this section. Wetting 
may be suspended when the ambient 
temperature at the waste disposal site 
Is less than —9.5' C (ca. 15 F). The 
ambient air temperature shall be de-
termined by an appropriate measure-
ment method with an accuracy. of 
C F) and recorded at least at 
hourly Intervals during the period 
that the operation of the wetting 
system is suspended. Records of such 
temperature measurements shall be 
retained at the source for a minimum 
of 2 years and made available for in-
spection by t he Administrator. 
(I) The owner of any inactive waste 
dkpr,-;:t I site. 	h ich tas operated by 
JIM!' 
sources was deposited, shall meet the 
following standards: 
(1) There shall be no visible emis-
sions to the outside air from an trine. 
the waste disposal site subject to this 
paragraph, except as provided In para-
graph (I)(5) of this section. 
(2) Warning signs shall be displayed 
at all entrances. and along the proper. 
ty line of the site or along the perim-
eter of the sections of the site where 
asbestos-containing waste material was 
deposited, at Intervals of 100 m (ca. 
330 ft) or less, except as specified In 
paragraph (1)(4) of this section. Slims 
shall be posted in such a manner and 
location that a person may easily read 
the legend. The warning signs re-
quired by this paragraph shall con-
form to the requirements of 20" x 14" 
upright format signs specified in 29 
CFR 1910.145(d)(4) and this para-
graph. The signs shall display the fol-
lowing legend in the lower panel, with 
letter sizes and styles of a visibility at 
least equal to those specified in this 
paragraph. 
ASBESTOS WAsTF: DTSPOSAL Sift 
Do Not CPCATE DUST 
Breathing Asbestos Is Hazardous to Your 
Health 
Notation 
1" Sans Serif. Gothic or Block 
v." Sans Serif. Gothic or Block 
14 Point Gothic 
Spacing between lines shall be at least 
equal to the height of the upper of the 
two lines. 
(3) The perimeter of the site shall be 
fenced in a manner adequate to deter 
access by the general public, except as 
specified in paragraph (1)(4) of this 
sect ion. 
(4) Warning signs and fencing are 
not required where the requirements 
of paragraphs (1)(5) (i1 or (li) of this 
section are met, or where a natural 
barrier adequately deters access by th e 
 general public. Upon request and 
supply of appropriate information. the 
Administrator will determine whether 
I len t of paragraph (1)(1) of this sec-
-Jon. an owner may elect to meet the 
equirements of this paragraph or 
.stiy use an alternative control method 
.01 
 emissions from inactive waste dis- 
',mai sites which has received prior 
approval by the-Administrator. 
(i) The asbestos-containing waste 
guterial shall be covered with at least 
13 centimeters (ca. 6 inches) of com-
peted non-asbestos-containing mate-
rial •  and a cover of vegetation shall be 
roan and maintained on the area 
alequate to prevent exposure of the 
mbestos-containing waste material; or 
(Iii The asbestos-containing waste 
material shall be covered with at least 
to centimeters (ca. 2 feet) of compact-
ed non-asbestos-containing material 
and maintained to prevent exposure of 
the asbestos-containing waste: or 
(iii) For inactive waste disposal sites 
for asbestos tailings, a resinous or pe-
troleum-based dust suppression agent 
vhich effectively binds dust and con-
trols wind erosion shall be applied. 
Such agent shall be used as recom-
mended for the particular asbestos 
tailings by the dust suppression agent 
manufacturer. Other equally effective 
dust suppression agents may be used 
goon prior approval by the Adminis-
trator. For purposes of this paragraph. 
taste crankcase oil Is not considered a 
dust suppression agent. 
138 FR 8826. Apr. 6. 1973. as amended at 39 
FR 15398. May 3. 1974: 40 FR 48299. Oct. 14. 
1975:43 FR 26374. June 19.:9781 
Ii1.23 Air-cleaning. 
If air-cleaning is elected, as permit-
ted by 4 61.22(f) and 61.22(d)(4)(iv), 
the requirements of this section must 
be met. 
(a) Fabric filter collection devices 
must be used. except as noted in para.- 
trarihs (b) and (c) of this section. Such 
devices must be operated at a pressure 
drop of no more than 4 Inches water 
nee, as measured across the filter 
fabric. The airflow permeability. as de-
termined by ASTM method 0737-69. 
must not exceed 30 It'/min/ft' for 
woven fabrics or 35 ft Venin/ft 2 for 
felted fabrics. except that 40 It '/mini 
It' for woven and 45 It '.'rnin/ ft for 
felted fabrics is allowed for Mitering  
least 	one-sixteentn 	inert 	Lem ,. 
throughout. Synthetic fabrics must 
not contain fill yarn other than that 
which Is spun. 
(b) If the use of fabric filters creates 
a fire or explosion hazard, the admin-
istrator may authorize the use of wet 
collectors designed to operate with a 
unit contacting energy of at least 40 
inches water gage pressure. 
(c) The administrator may authorize 
the use of filtering equipment other 
than that described in paragraphs (a) 
and (b) of this section if the owner or 
operator demonstrates to the satisfac-
tion of the administrator that the fil-
tering of particulate asbestos material 
is equivalent to that of the described 
equipment. 
(d) All air-cleaning equipment au-
thorized by this section must be prop-
erly installed, used, operated. and 
maintained. Bypass devices may be 
Used only during upset or emergency 
conditions and then only for so long as 
it takes to shut down the operation 
generating the particulate asbestos 
material. 
f38 FR 8826. Apr. B, 1973. as amended at 40 
FR 48302. Oct. 14. 19751 
§ 61.21 Reporting. 
The owner or operator of any exist-
ing source to which this subpart Is ap-
plicable shall. within 90 days after the 
effective date, provide the following 
Information to the administrator: 
(a) A description of the emission 
control equipment used for each proc-
ess: 
(b) If a fabric filter device is used to 
control emissions, the pressure drop 
across the fabric filter in inches water 
gage. 
(1) If the fabric filter device utilizes 
a woven fabric, the airflow permeabil-
ity in ft 3 /minift! and, If the fabric is 
synthetic. indicate whether the fill 
yarn is spun or not spun. 
(2) If the fabric filter device utilizes 
a felted fabric, the density in oz,eyd ,. 
the minimum thickness in inches. and 
the airflow permeability In ft '/min/ 
f t ". 
(ci For sources subject to 1# 61.22(J) 
and 61.22(k): 
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waste matt, 
(2) The average weight of asbestos-
containing waste material disposed of. 
measured in kg/day. 
(3) The emission control methods 
used In all stages of waste disposal. 
(4) The type of disposal site or incin-
eration site used for ultimate disposal. 
the name of the site operator, and the 
name and location of the disposal site. 
(d) For sources subject to § 61.22(1): 
(1) A brief description of the site. 
(2) The method or methods used to 
comply with the standard, or alterna-
tive procedures to be used. 
(e) Such information shall accompa-
ny the information required by § 61.10. 
The information described In this sec-
tion shall be reported using the 
format of Appendix A of this part. 
(Sec. 114. Clean Alr Act as amended 142 
U.S.C. 7414)) 
(38 FR 8826. Apr. 8. 1973. as amended at 40 
FR 48302. Oct. 14, 1975; 43 FR 8800. Mar. 3. 
19781 
*61.25 Waste disposal sites,. 
In order to be an acceptable site for 
disposal of asbestos-containing waste 
material under § 61.22(j) and (k), an 
active waste disposal site shall meet 
the requirements of this section. 
(a) There shall be no visible emis-
sions to the outside air from any -
active waste disposal site where asbes-
tos-containing waste material has been 
deposited, except as provided in para-
graph (e) of this section. 
(b) Warning signs shall be displayed 
at all entrances, and along the proper-
ty line of the site or along the perim• 
eter of the sections of the site where 
asbestos-containing waste material Is 
deposited, at intervals of 100 m (ca. 
330 ft) or less except as specified In 
paragraph (d) of this section. Signs 
shall be posted in such a manner and 
location that a person may easily read 
the legend. The warning signs re-
quired by this paragraph shall con-
form to the requirements of 20 • 14 
upright format signs specified in 29 
CFR 1910.145(d)(4) and this para-
graph. The siv.ris shall display the fol-
lowing legend in the lower panel. with h
letter sacs and styles of a viNibility .  
LEGEND 
ASBESTOS WASTE DISPOSAL SITE 
Do Not Create Dust 
Breathing Asbestos is Hazardous to Your 
Health 
Notation 
1" Sans Serif, Gothic or Block 
s Sans Serif. Gothic or Block 
14 Point Gothic 
Spacing between lines shall be at least 
equal to the height of the upper of the 
two lines. 
(c) The perimeter of the disposal site 
shall be fenced in order to adequately 
deter access to the general public 
except as specified in paragraph (d) of 
this section. 
(d) Warning signs and fencing are 
not required where the requirements 
of paragraph (e)(1) of this section are 
met, or where a natural barrier ade-
quately deters access to the general 
public. Upon request and supply of ap-
propriate information, the Administra-
tor will determine whether a fence or 
a natural barrier adequately deters 
access to the general public. 
(e) Rather than meet the require• 
ment of paragraph (a) of this section. 
an owner or operator may elect to 
meet the requirements of paragraph 
(e)( I ) or (e)(2) of this section. or ma)' 
use an alternative control method for 
emissions from active waste diSposal 
sites which has received prior approval 
by the Administrator. 
(1) At the end of each operating day. 
or at least once every 24-hour period 
while the site is in continuous oiler• 
ation, the asbestos-containing wP-ste 
 material which was deposited at the 
site during the operating day or pre` 1 ' 
ous 24-hour period shall be covered 
with at least 15 centimeters (ca. 6 
Inches) of compacted non-asbestos• 
containing material. 
(2) At the end of each operating dal-
or at least once every 24-hour period 
while the disposal site Is in continuou s 
 operation. 	the 	asbestos-contain ing 
 waste material which was deposited si 
the site during the operating d
ay or 
Previous 24-hour period shall be OW 
ered with a resinous or petroleu m  
recommended for the particular dust 
by the dust suppression agent manu-
facturer. Other equally effective dust 
suppression agents may be used upon 
prior approval by the Administrator. 
For purposes of this paragraph, waste 
crankcase oil is not considered a dust 
suppression agent. 
10 FR 48302. Oct. 14. 19751 
Subpart C—National Emission 
Standard for Beryllium 
141.30 Applicability. 
The provisions of this subpart are 
applicable to the following stationary 
sources: 
(a) Extraction plans, ceramic plants. 
foundries, incinerators, and propellant 
plants which process beryllium ore. be-
ryllium. beryllium oxide, beryllium 
alloys. or beryllium-containing waste. 
0)) Machine shops which process be-
ryllium. beryllium oxides, or any alloy 
*hen such alloy contains more than 5 
Percent beryllium by weight. 
141.31 Definitions. 
Terms used In this subpart are de-
fined in the act. In subpart A of this 
Part. or in this section as follows: 
it "Beryllium" means the element' 
beryllium. Where weights or concen-
trations are specified. such weights or 
mincentrations apply to beryllium 
ICY. excluding the weight or concen-
tration of any associated elements. 
ft) ► "Extraction plant" means a fa-
mitY chemically processing beryllium 
ore to beryllium metal, alloy, or oxide. 
or performing any of the intermediate 
r!DS in these processes. 
(c) "Beryllium ore" means any natu-
14 occurring material mined or 
Dthered for its beryllium content. 
(di "Machine shop" means a facility 
.aP rforming cutting, grinding. turning. 
-oning, milling . deburring, lapping. 
Nectrochemical machining, etching, or 
other similar operations. 
'et "Ceramic plant" means a manu-
facturing plant producing ceramic 
items . 
ft? - Foundry" mean:, a facily.:. - t-n-
taR(•d in the melting or casting (if 13 1 !. 
?Ahura metal or alloy.  
used or generated during any process 
or operation performed by a source 
subject to this subpart. 
(h) "Incinerator" means any furnace 
used in the process of burning waste 
for the primary purpose of reducing 
the volume of the waste by removing 
combustible matter. 
(I) "Propellant" means a fuel and ox-
idizer physically or chemically com-
bined which undergoes combustion to 
provide rocket propulsion. 
01 "Beryllium alloy" means any 
metal to which beryllium has been 
added in order to increase its berylli-
um content and which contains more 
than 0.1 percent beryllium by weight. 
(k) "Propellant plant" means any fa-
cility engaged in the mixing. casting. 
or machining of propellant. 
§61-12 Emission oenderd. 
(a) Emissions to the atmosphere 
from stationary sources subject to the 
provisions of this subpart shall not 
exceed 10 grams of beryllium over a 
24-hour period, except as provided in 
paragraph (b) of this section. 
(b) Rather than meet the require-
ment of paragraph (a) of this section. 
an owner or operator may request ap-
proval from the Administrator to meet 
an ambient concentration limit on be-
ryllium in the vicinity of the station-
ary source of 0.01 pg/rn 3. averaged 
over a 30-day period. 
(1) Approval of such requests may be 
granted by the Administrator provided 
that: 
(I) At least 3 years of data is availa-
ble which in the judgment of the Ad-
ministrator demonstrates that the 
future ambient concentrations of be-
ryllium In the vicinity of the station-
ary source will not exceed 0.01 vg/m ',  
averaged over a 30-day period, Such 3-
year period shall be the 3 years ending 
30 days before the effective date of 
this standard. 
(ii) The owner or operator requests 
such approval in writing within 30 
days after the effective date of this 
standard 
(tilt T' 	•%r.er or operator submits a 
report ...e Administrator within 45 
days atter the effeetne eau- of this 
300 
	 301 
